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In a visual search task, a salient distractor often elongates response times (RTs) even when it is task-irrel-
evant. These distraction costs are larger when the irrelevant distractor is similar than when dissimilar to
the target. In the present study, we tested whether this similarity effect is mostly due to more frequent
oculomotor capture by target-similar versus target-dissimilar distractors (contingent capture hypothesis),
or to elongated dwell times on target-similar versus dissimilar distractors (attentional disengagement
hypothesis), by measuring the eye movements of the observers during visual search. The results showed
that similar distractors were both selected more frequently, and produced longer dwell times than dis-
similar distractors. However, attentional capture contributed more to the similarity effect than disen-
gagement. The results of a second experiment showed that stronger capture by similar than dissimilar
distractors in part reﬂected intertrial priming effects: distractors which had the same colour as the target
on the previous trial were selected more frequently than distractors with a different colour. These prim-
ing effects were however too small to account fully for the similarity effect. More importantly, the results
indicated that allegedly stimulus-driven intertrial priming effects and allegedly top-down controlled sim-
ilarity effects may be mediated by the same underlying mechanism.
 2009 Elsevier Ltd. All rights reserved.1. Introduction
One fundamental and hotly debated issue in visual attention re-
search concerns the extent to which attention is governed by top-
down, goal-driven (endogenous) factors versus bottom-up, stimu-
lus-driven (exogenous) factors. According to the contingent capture
hypothesis, attention is ultimately guided by a top-down target
template that speciﬁes the properties of the relevant target (cf.
Folk, Remington, & Johnston, 1992). Target feature(s) are repre-
sented in so-called attentional control settings. These guide atten-
tion in a goal-directed manner to regions matching the target
template.
According to the singleton capture hypothesis, by contrast, atten-
tion is generally drawn to the most salient stimulus in the visual
ﬁeld, that is, to the stimulus that exhibits the largest feature con-
trast (e.g., Bergen & Julesz, 1983; Itti & Koch, 2001; Theeuwes,
1992). Moreover, initial stimulus-driven attentional capture is
thought to be top-down impenetrable, that is, it cannot be modu-
lated by the intentions or goals of the observer (e.g., Theeuwes,
1991, 1992).
The strongest evidence for the singleton capture hypothesis de-
rives from the distractor effect: irrelevant salient distractors canll rights reserved.
r).produce interference in search, even when they are highly dissim-
ilar from the target. Especially when observers search for a pop-out
target which is itself salient, the presence of an irrelevant salient
distractor in another dimension can interfere with search (e.g.,
Theeuwes, 1991, 1992). For instance, when observers search for a
salient item in the shape dimension (e.g., a diamond presented
amongst circles), search times are higher in the presence of a col-
our singleton distractor (e.g., a red circle amongst green circles)
than when all distractors have the same colour (e.g., Theeuwes,
1991, 1992). The costs produced by such irrelevant salient distrac-
tors have been attributed to time-consuming attention shifts to the
position of the irrelevant distractor (Theeuwes, 1991, 1992). More-
over, the ﬁnding that the distractor even captures attention when
observers have instructions and good reasons to ignore it indicates
that salient distractors capture attention even against the inten-
tions of the observer, in a purely stimulus-driven manner (e.g.,
Theeuwes, 1992; Yantis, 1993; Yantis & Egeth, 1999; but see Bacon
& Egeth, 1994; Leber & Egeth, 2006).
At a ﬁrst glance, the ﬁnding that an irrelevant colour singleton
interferes with search seems to be at odds with the contingent
capture hypothesis: if the guidance of attention is generally under
top-down control, attention should only be deployed to stimuli
that match the attentional control settings, that is, that have
the same or similar features as a target (e.g., Duncan & Humph-
reys, 1989; Folk & Remington, 1998; Folk, Remington, & Johnston,
S.I. Becker et al. / Vision Research 49 (2009) 1738–1756 17391993; Folk et al., 1992). However, proponents of the contingent
capture hypothesis have argued that the costs produced by an
irrelevant distractor do not reﬂect attentional capture by the dis-
tractor, but instead spatially unspeciﬁc ﬁltering costs (e.g., Folk &
Remington, 1998; Folk et al., 1992, 1993). On this view, task-irrel-
evant features which are sufﬁciently dissimilar from the searched
targets do not capture attention, but are ﬁltered out (i.e., ex-
cluded from search) prior to the deployment of attention. Filter-
ing of task-irrelevant features is however a time-consuming
process, which accounts for the observation that mean RTs are
elevated in the presence of a dissimilar distractor (Folk & Reming-
ton, 1998).
According to the contingent capture hypothesis, only distractors
that are similar to the target-deﬁning features can elicit involun-
tary attention shifts to their position. This view is supported by
the observation that the distractor effect is much larger when the
distractor is similar to the target than when it is dissimilar (e.g.,
Ansorge & Heumann, 2003; Ansorge & Horstmann, 2007; Ansorge,
Horstmann, & Carbone, 2005; Folk & Remington, 1998, 2006; Folk
et al., 1992, 1993; Lamy, Leber, & Egeth, 2004; Ludwig & Gilchrist,
2002, 2003a): for instance, when observers have to search for a red
target amongst green non-targets, then a red distractor presented
at an irrelevant position will produce larger RT costs than a green
distractor (Ludwig & Gilchrist, 2002, 2003a). This similarity effect
has usually been interpreted to show that similar distractors cap-
ture attention to a larger extent than dissimilar distractors, in line
with the contingent capture hypothesis (e.g., Ansorge & Heumann,
2003; Folk et al., 1992, 1993, Folk & Remington, 1998; Ludwig &
Gilchrist, 2002, 2003a).
1.1. The similarity effect: contingent capture or disengagement?
The contingent capture explanation of the distractor effect re-
ceived its major support from cuing experiments, in which target
and distractors are presented in distinct displays: in a typical
experiment, half of the observers had to search for a green target
embedded amongst red non-target stimuli, whilst the other half
of the observers had to search for an onset target. In both condi-
tions, the search display was always preceded by a cuing display,
which contained either an irrelevant colour singleton or an irrel-
evant onset singleton. The results showed that irrelevant colour
singletons in the pre-cueing display only captured attention when
observers searched for the colour singleton target, but not when
they searched for the onset singleton target. Similarly, irrelevant
onset singletons in the pre-cueing display only captured attention
when observers actively searched for an onset singleton, whereas
onsets failed to capture attention when observers searched for
the colour singleton target (Folk et al., 1992; see also Folk & Rem-
ington, 1998; Folk et al., 1993). These results were taken to indi-
cate that the capture of spatial attention critically depends on the
top-down controlled attentional control settings: obviously, irrel-
evant singletons only capture attention to their location when
they are sufﬁciently similar to the pre-deﬁned target template.
Subsequent studies additionally showed that dissimilar single-
tons can elongate mean RTs compared to a distractor-absent con-
trol condition, without capturing attention (Folk & Remington,
1998). For instance, when observers searched for a red target
amongst green non-targets, then onset singletons in the pre-cueing
display elongated RTs compared with a condition without any sin-
gletons in the pre-cueing display. However, in contrast to the dis-
tractor effect of similar distractors, the costs incurred by onset
singletons were spatially unspeciﬁc: the distractor effect of the dis-
similar distractor was generally not modulated by location congru-
ence, that is, it did not make a difference whether the irrelevant
singleton in the pre-cueing display was presented at the same po-
sition as the target or at a different position than the target (An-sorge & Heumann, 2003; Folk & Remington, 1998; Folk et al.,
1992, 1993; but see Lamy et al., 2004). This result pattern is incom-
patible with the hypothesis that the dissimilar singleton captured
spatial attention to its location (Folk & Remington, 1998). In con-
trast, location-speciﬁc capture effects were restricted to pre-cueing
displays containing target-similar distractors. These results pro-
vide strong support for the hypothesis that only similar distractors
capture attention (due to their matching the pre-deﬁned atten-
tional control settings), whereas dissimilar distractors are ﬁltered
out (Folk & Remington, 1998).
Theeuwes, Atchley, and Kramer (2000) however argued that
these results were also compatible with a disengagement view: be-
cause previous studies used a cuing procedure in which the dis-
tractor display was shown 150 ms before the onset of the search
display, it is possible that similar and dissimilar distractors initially
captured attention to the same extent, but that quickly thereafter
(i.e., within 150 ms), attention was disengaged from the dissimilar
distractor and redirected to a neutral position. De-allocating atten-
tion from similar distractors in turn might be more difﬁcult, be-
cause these distractors match the top-down attentional control
settings (Theeuwes et al., 2000). On the disengagement view, the
similarity effect is thus not due to more frequent attentional cap-
ture of similar distractors, but instead to elongated disengagement
of attention, so that attention is still focused on the similar cue
when the target has its onset. This disengagement explanation is
consistent with the view that attention is ﬁrst captured by stimu-
lus saliency alone, whereas top-down control over the direction of
attention can only be exerted after attention has been deployed to
a stimulus.
To summarise, there are two different explanations both for the
distractor effect and the similarity effect: ﬁrst, according to the
contingent capture hypothesis, the distractor effect (i.e., RT cost
produced by dissimilar distractors) is due to spatially unspeciﬁc ﬁl-
tering costs, whereas the similarity effect (i.e., additional RT cost
produced by similar distractors) is due to attention shifts to the
similar distractor. According to saliency-based explanations, simi-
lar and dissimilar distractors initially capture attention to the same
extent, and thus, the distractor effect is due to attentional capture
by salient distractors. The similarity effect, on the other hand, is
due to the fact that similar distractors produce a delay in disengag-
ing attention from a once attended stimulus.
1.2. Evidence for capture versus disengagement of attention
When ﬁrst proposing the disengagement hypothesis, Theeuwes
et al. (2000) devised an experiment to test their hypothesis that
attention can be disengaged quickly from distractors that are dis-
similar to the target-deﬁning feature. In their study, observers
searched for a shape singleton target whilst on half of all trials,
one of the non-target circles was coloured red and presented
amongst homogeneously coloured grey items. To assess the
time-course of attentional capture, the colour singleton distractor
was presented at varying stimulus onset asynchronies (SOAs; 50,
100, 150, 200, 250, 300 ms) before the target. The results showed
that the dissimilar colour singleton distractor interfered with
search at short SOAs, but not when more than 150 ms had elapsed
between the onset of the distractor and the target. These results
indicated that after a time-span of 150–200 ms, attention can in-
deed be disengaged from the location of an irrelevant distractor.
Although Theeuwes et al.’s (2000) experiment demonstrates
that disengagement of attention from dissimilar irrelevant distrac-
tors might be completed after 150 ms, it may be doubted whether
it can be interpreted in support of the disengagement hypothesis.
Critically, the study of Theeuwes et al. (2000) did not include com-
parisons between similar and dissimilar-distractor conditions and,
thus, cannot shed any light on the origin of the similarity effect.
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provided by Ansorge and Heumann (2003). In one of their experi-
ments, they varied the SOA between a display containing an irrel-
evant singleton distractor and the target between 0, 17, and 34 ms.
The irrelevant singleton distractor had either a similar or a dissim-
ilar colour as the pre-deﬁned target, and disengagement was
encouraged by never presenting the target at the position of the
distractor. On the disengagement view, we would expect target-
dissimilar and target-similar distractors to capture attention to
the same extent at the shortest SOA, and a fast decreasing interfer-
ence from target-dissimilar distractors with increasing SOA. The
results were clearly at odds with this prediction: only similar dis-
tractors signiﬁcantly elongated mean RTs, whereas dissimilar dis-
tractors did not produce any signiﬁcant costs. (Ansorge &
Heumann, 2003; see also Folk & Remington, 2006). The same re-
sults were obtained in a study by Chen and Mordkoff (2007),
who tested attentional capture of similar versus dissimilar colour
and onset cues in a cueing experiment with irrelevant pre-cues
at a short SOA: in their experiment, the cue display was shown
for 35 ms, followed by the cue and target display which were
simultaneously present for 15 ms, and the target display which
was then presented alone for another 35 ms. The results showed
that onset cues only captured attention when observers searched
for an onset target, whereas colour cues only captured attention
when observers had to search for the target of the same colour, de-
spite the short SOA between cue and target displays. Taken to-
gether, the available evidence on the similarity effect is not in
line with the disengagement hypothesis, but instead supports the
contingent capture view, which proposes that similar distractors
capture attention in virtue of matching the top-down settings for
the target, whereas dissimilar distractors can be successfully ﬁl-
tered out (Ansorge & Heumann, 2003, 2004; Folk & Remington,
1998, 2006; Folk et al., 1992, 1993).
1.3. Oculomotor capture and dwell times
However, considerably less research has been devoted to the
question whether similar distractors might cause elongated dwell
times in overt eye movement behaviour. Previous eye movement
studies primarily investigated whether similar distractors are visu-
ally selected more frequently than dissimilar distractors, and
showed more frequent oculomotor capture by similar than dissim-
ilar distractors (Ludwig & Gilchrist, 2002; Ludwig & Gilchrist,
2003a; Wu & Remington, 2003 but see Theeuwes, de Vries, & Godi-
jn, 2004). However, so far, it has not been examined whether pos-
sible differences in dwell times between similar versus dissimilar
distractors additionally contribute to the similarity effect. There-
fore, it is still an open question whether disengagement of the eyes
from the similar distractors additionally contributes to the similar-
ity effect. In the present study, we attempted to close this empirical
gap, by examining both the proportions of irrelevant ﬁxations on
each similar versus dissimilar distractors, and the mean dwell
times, or ﬁxation durations, on each distractor type.
Moreover, previous studies have examined the effect of irrele-
vant distractors on eye movement behaviour in a saccade-task, in
which observers were instructed to respond by making a fast and
precise eye movement to the target. In some studies, the results
from this saccade-task were then compared to a covert attention
task, in which observers had to maintain ﬁxation on the centre
and to respond to an additional feature of the target (e.g., Ludwig
& Gilchrist, 2003a; Wu & Remington, 2003). Observing similar re-
sults in the covert attention task and saccade task, it was then
concluded that similar versus dissimilar distractors exerted simi-
lar effects on covert shifts of attention and eye movements. How-
ever, the requirement to use eye movements as a response, to
indicate the target position, is rather unusual and might itselfchange the eye movement pattern. It is, for instance, conceivable
that observers exert more top-down control over their instructed
saccades to avoid making mistakes, either by making their eye
movements more strongly contingent on their top-down atten-
tional control settings, or by delaying their saccades to ensure
greater precision (e.g., Findlay, 1997). Thus, it is possible that cap-
ture by dissimilar distractors has been underestimated in previ-
ous studies using only a saccade-task, because top-down control
over eye movements may be unusually strong when saccades
are used as a response. (This is at least plausible when we assume
that processes subserving actions (or responses) are generally
more strongly top-down controlled than processes subserving
perception.)
To assess whether previous failures to ﬁnd oculomotor capture
by dissimilar distractors might have been due to using a saccade-
task, we examined the effects of similar versus dissimilar distrac-
tors in a saccade-task and in a manual response-task, in which
observers did not receive any instructions about their eye move-
ments, but eye movements were encouraged by presenting a small
response-relevant item. We hypothesised that eye movements in
this manual task might be used more naturally for the purpose of
allowing ﬁne-grained perception and identiﬁcation, so that they
were less shielded from stimulus-driven effects than eye move-
ments in the saccade-task.
1.4. Problems of interpretation
Previous studies have commonly attributed more frequent
attentional or oculomotor capture by similar than dissimilar dis-
tractors to top-down controlled processes of attention (e.g.,
Ansorge & Heumann, 2003; Ansorge & Horstmann, 2007; Folk &
Remington, 1998; Folk et al., 1992, 1993; Ludwig & Gilchrist,
2002, 2003a). However, it is important to note that the similarity
effect may also be due to stimulus-driven intertrial priming effects:
feature priming effects were ﬁrst discovered in a study of Maljko-
vic and Nakayama (1994), in which observers had to search for an
oddly coloured target that could be red or green and was presented
amongst a group of non-targets of the opposite colour. The results
showed that RTs on trial n were shorter when the target and non-
target colours from the previous, n  1 trial were repeated than
when they changed. Moreover, when the target colour was re-
peated over a sequence of trials, RTs successively decreased, indi-
cating that priming is cumulative (Hillstrom, 2000; Kristjansson,
Wang, & Nakayama, 2002; Maljkovic & Nakayama, 1994). Several
subsequent studies demonstrated that this repetition facilitation
effect reﬂects faster allocation of attention to the target on repeti-
tion trials (Becker, 2008a; Goolsby & Suzuki, 2001; McPeek, Mal-
jkovic, & Nakayama, 1999), and that on switch trials, the ﬁrst eye
movement is more frequently made towards the non-targets
(Becker, 2008a, 2008b, 2008c). Moreover, it has been argued that
intertrial priming effects are based on stimulus-driven processes
which cannot be modulated by top-down controlled processes:
pre-knowledge of the upcoming target colour did neither eliminate
nor even reduce the priming effect, which was generally taken to
show that priming occurs automatically and is top-down impene-
trable (Becker, 2008a; Maljkovic & Nakayama, 1994, 2000; but see
also Becker, 2007; Folk & Remington, 2008; Leonard & Egeth,
2008).
In previous studies which investigated the effects of similar
versus dissimilar distractors on search performance, the target-
deﬁning feature was generally held constant across a block of
trials and thus, was always repeated across trials (Folk &
Remington, 1998; Folk et al., 1992, 1993; but see Ansorge et al.,
2005; Folk, Remington, & Wright, 1994; Leonard & Egeth, 2008).
However, under these conditions, it is impossible to say whether
the similar distractor is selected more frequently in virtue of
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tures of the similar distractor correspond to the target feature on
the previous trial, which have been primed for attentional selec-
tion in a stimulus-driven way. As a consequence, it is possible
that effects that have previously been attributed to a capacity
to ﬁlter out irrelevant dissimilar distractors are in fact due to
stimulus-driven intertrial carry-over effects that bias attention
shifts to the similar distractor.
1.5. The present study
The aim of the ﬁrst experiment was two-fold. First, we inves-
tigated whether and to what extent the similarity effect is due to
more frequent visual selection of the similar distractor (contin-
gent capture) and elongated dwell times on the similar distractor
(disengagement). To that aim, the eye movements of the observ-
ers were measured in three different conditions of a visual search
task, (1) without any distractors, (2) in the presence of a similar
distractor and (3) in the presence of a dissimilar distractor. In
Experiment 1, observers were instructed to search for a diamond
target, which was always red and presented amongst grey non-
target circles. In the distractor-present condition, one of the cir-
cles could be either coloured green, constituting a dissimilar dis-
tractor, or it was red, constituting the similar distractor.
Observers were instructed to ignore all colour differences, which
rendered the distractors similar or dissimilar in an irrelevant but
highly salient dimension.
Deviating from Ludwig and Gilchrist (2003a), the distractors
were not presented at an irrelevant position, because this might
have rendered the task more similar to a ﬂanker task, which differs
conceivably from the visual search tasks where irrelevant salient
items were ﬁrst discovered to capture attention (e.g., Theeuwes,
1992; see also Belopolsky, Zwaan, Theeuwes, & Kramer, 2007).
Moreover, in such a ﬂanker task, observers may attempt to exclude
irrelevant distractors by changing the spatial distribution of atten-
tional resources (e.g., ‘‘narrowing” of the attentional spotlight;
Eriksen & St. James, 1986). However, since it is unclear how
changes of the spatial distribution of attention relate to the fea-
ture-speciﬁc ﬁltering mechanism described by Folk and Remington
(1998), we chose the present method to investigate the effects of
similar versus dissimilar distractors.
In Experiment 1, performance was moreover assessed in two
different tasks; a saccade-task, in which observers had to make
an eye movement to the target, and in a standard manual re-
sponse-task, in which observers pressed a button to discriminate
between small ﬁgures located inside the target. These different
tasks were included to assess whether the saccade task, which arti-
ﬁcially restricted the eye movements of the observers, would lead
to higher levels of top-down control over eye movements than the
manual task.
The main aim of Experiment 2 was to critically test whether the
similarity effect is indeed due to top-down controlled factors, as
proposed by the contingent capture hypothesis, or whether it is
due to stimulus-driven processes. In particular, we investigated
whether and to what extent oculomotor capture by similar distrac-
tors is mediated by automatic intertrial priming effects. To that
aim, distractor effects in Experiment 2 were assessed under condi-
tions where the target feature was either held constant or varied
randomly across trials. Oculomotor capture which is mediated by
priming can be inferred when distractors that are similar to the
target feature on the previous trial are more frequently selected
than distractors that are dissimilar to the target feature on the pre-
vious trial. By comparing the capture effects of target-similar dis-
tractors with priming-induced capture effects, we can then
estimate the relative contributions of stimulus-driven and top-
down controlled factors to the similarity effect.2. Experiment 1
The primary aim of the present experiment was to explore
whether and to what extent the similarity effect is due to more fre-
quent oculomotor capture by the similar distractor or elongated
dwell times on the similar distractor, compared with the dissimilar
distractor (e.g., Theeuwes et al., 2000). To that aim, eye movements
were assessed in a distractor-present condition and a distractor-
absent control condition. In the distractor-absent condition,
observers had to search for a diamond target which was consis-
tently presented in red colour and surrounded by grey non-target
circles. In the distractor-present condition, one of the non-target
discs was presented either in the same colour (red) as the target,
constituting the similar-distractor condition; or it was presented
in green colour, constituting the dissimilar-distractor condition.
Eye movements were measured in two different visual search
tasks, ﬁrst, in a saccade-task, in which observers were instructed
to respond by making a saccade toward a target, and secondly, in
a conventional manual response-task, in which observers had to
discriminate between two different response-indicative features
located inside the target, by pressing a button. In the latter task,
no instructions regarding eye movements were given, but these
were encouraged by presenting small response-indicative features
in the periphery. The response-indicative features were so small as
to require foveation for discrimination and the eye movements
were tracked in both the saccade-task and manual response-task.
Previous studies investigating the effect of similar versus dis-
similar distractors in a saccade-task found that similar distractors
(a) signiﬁcantly elongated the mean target ﬁxation latencies (i.e.,
the time from the onset of the search display until the eyes were
ﬁrst ﬁxated on the target), (b) were more frequently selected, (c)
elicited more initial saccades in their direction and (d) produced
longer saccade latencies, compared to dissimilar distractors (Lud-
wig & Gilchrist, 2002, 2003a; Wu & Remington, 2003). Moreover,
(e) the ﬁrst saccades leaving the ﬁxation area were more fre-
quently directed to the similar than the dissimilar distractor, and
(f) saccades that directly went to the target were more strongly
curved away from the similar distractor than from the dissimilar
distractor (Ludwig & Gilchrist, 2003b; Van der Stigchel, Meeter, &
Theeuwes, 2006; Wu & Remington, 2003). Studies that investi-
gated only the effects of dissimilar distractors moreover found that
in some instances, the eyes start in the direction of the dissimilar
distractor, but then change direction to the target in mid-ﬂight
(Godijn & Theeuwes, 2002, 2003; McPeek & Keller, 2001).
To assess possible differences in eye movement patterns be-
tween the saccade-task and the manual response-task, all of these
variables were included in the present study. In addition, we also
compared the distractor ﬁxation durations separately for the sim-
ilar and dissimilar distractor, to examine whether and to what ex-
tent elongated dwell times on the similar distractor can contribute
to the similarity effect.2.1. Method
2.1.1. Observers
Eight students at University of Bielefeld, Germany, took part in
the experiment for small monetary exchange (4 €). All subjects had
normal or corrected-to-normal vision and were naïve as to the pur-
pose of the experiment.
2.1.2. Materials
An Intel Pentium(R) four central processing unit 3.00 GHz-Com-
puter (tico) with a 19´´ SVGA colour monitor (AOC) controlled the
timing of events and generated the stimuli. Stimuli were presented
with a resolution of 1024  768 pixels and a refresh rate of 99.9 Hz.
1742 S.I. Becker et al. / Vision Research 49 (2009) 1738–1756For recording of eye movements, a video-based infrared eye track-
ing system (iViewX tracker, SMI, Teltow) with a spatial resolution
of 0.1 and a temporal resolution of 240 Hz was used. Observers
were seated in a dimly lit room, with their head ﬁxed by the eye
tracker’s chin rest and forehead support, and viewed the screen
from a distance of 92 cm. For registration of manual responses, a
standard USB optical mouse was used. Event scheduling and RT
measurement were controlled by the Presentation software (Neu-
robehavioral Systems).
2.1.3. Stimuli
The response-indicative stimuli consisted of seven black ‘‘x” or
‘‘+” stimuli of equal sizes (0.2  0.2; Arial, 10 pt). These were pre-
sented in the centre of the seven coloured diamond (1.5  1.5) or
disc shapes (1.7 diameter). Red, green, and grey colours were
matched for luminance (4.1 cd/m2) with a Mavolux digital pho-
tometer, and the coloured diamond and discs were presented on
a constantly white background (7.5 cd/m2) together with a small
black ﬁxation cross. Beginning at the 12 o’clock position, all stimuli
were placed equidistantly on the outline of an imaginary circle
with a diameter of 7.1. The distance between two adjacent stimuli
measured 3.1 from centre to centre. Fig. 1A depicts an example of
the display.
2.1.4. Design
The experiment had a 2  2  2 within-subjects design, with
‘‘response type” (saccade-task versus manual response-task), ‘‘dis-
tractor presence” (present versus absent) and ‘‘distractor similar-
ity” (similar versus dissimilar) as variables. Manual response-task
and saccade-tasks were presented in separate blocks, and the or-
der of blocks balanced across observers. Distractor-present and
distractor-absent conditions were also blocked: in the distrac-
tor-absent condition, observers searched for a diamond target
that was consistently coloured red, whilst the non-target discs
were always presented in grey. In the distractor-present trials,
one of the non-target discs was additionally coloured, constitut-
ing an irrelevant distractor. In the similar-distractor condition,
the distractor was presented in the same colour as the target
(red). In the dissimilar-distractor condition, the distractor was
coloured green.
The positions of target and distractor were chosen randomly
from trial to trial. In the distractor-present trials, the distractor
was randomly presented either in the same colour as the search
target, constituting a similar distractor, or in a different colour than
the target, constituting a dissimilar distractor. The response-indic-
ative stimulus of the manual response-task, which was task-irrel-
evant in the saccade task, was also chosen randomly on each
trial, with the restriction that the non-targets contained an equal
number of ‘‘+” and ‘‘x” stimuli.
The distractor-absent control condition comprised 120 trials in
each manual response-task and saccade-task. In the distractor-
present condition of both tasks, observers completed 240 trials.
Observers were allowed a short rest after each experimental block.
2.1.5. Procedure
Each trial started with the presentation of a small black ﬁxation
cross and a ﬁxation control: the stimulus display was only pre-
sented if the eye tracking was stable (no blinks) and the gaze
was within 50 pixels of the centre of the ﬁxation cross (i.e., devia-
tion was <1), for at least 350 ms (within a time-window of
3000 ms). Otherwise, observers were calibrated anew (5-point cal-
ibration) and the next trial started again with the ﬁxation control.
Upon presentation of the stimulus display, observers were re-
quired to search the display for the diamond target. In the manual
response-task, observers should then press the right mouse button
if there was a ‘‘+” inside the target diamond, and the left button if itwas an ‘‘x”. In the saccade-task, observers made a saccade to the
target and pressed the space bar of a keyboard when they ﬁxated
on the target.
The stimulus display remained on screen until response, and
was immediately succeeded by a feedback display. The feedback
were the black printed words ‘‘right” or ‘‘wrong” (in German, Arial
14 pt) which were presented centrally for 500 ms. After an inter-
trial interval of 500 ms, in which a blank white screen was pre-
sented, the next trial started with the presentation of a ﬁxation
cross.
Before each block, observers were calibrated with a 5-point cal-
ibration and given written instruction about their task in the next
block. With regard to the distractor-present block, observers were
informed that one of the non-target discs would be coloured either
red or green and they were instructed to ignore the odd-coloured
distractor. Moreover, observers were instructed to respond to the
target as fast as possible without making mistakes. On average, it
took 40 min. to complete the experiment.
2.2. Results
2.2.1. Data
Data were excluded from all analyses when manual RTs in the
manual response-task exceeded 1500 ms, or when the eyes did
not ﬁxate on the target within 1500 ms from the beginning of a
trial. The eyes were counted as ﬁxating on the target or on the dis-
tractor if the gaze was within a distance of 1 from the centre of the
diamond or disc, and no saccade occurred (velocity smaller than
30/sec). By this criterion 10.6% of all data were excluded. In the
statistical analyses, we report the Greenhouse–Geisser-corrected
p values were appropriate, together with the uncorrected degrees
of freedom.
2.2.2. Manual response
2.2.2.1. RTs. In the manual response-task, there was a signiﬁcant
distractor effect: mean RTs were signiﬁcantly faster in the distrac-
tor-absent control condition (M = 801 ms) than in both similar-dis-
tractor condition (M = 961 ms; F[1, 7] = 79.01; MSe = 1133.36;
p < .001) and dissimilar-distractor condition (M = 833 ms;
F[1, 7] = 70.06; MSe = 57.74; p < .001). More importantly, there
was also a signiﬁcant similarity effect, as mean RTs were elevated
by 128 ms in the similar-distractor condition relative to the dis-
similar-distractor condition (F[1, 7] = 73.27; MSe = 757.79;
p < .001).
2.2.2.2. Errors. In the manual response-task, observers committed
slightly fewer errors in the dissimilar-distractor condition
(M = 2.6%) than in the distractor-absent condition (M = 3.4%) and
in the similar-distractor conditions (M = 3.9%), but these differ-
ences did not reach signiﬁcance (all ps > 0.23, see Table 1). The
RT effects are thus not due to a speed–accuracy trade-off.
2.2.3. Eye movement data
2.2.3.1. Target ﬁxation latencies. The mean target ﬁxation latencies
(i.e., the time from the onset of the search display until the eyes
were ﬁrst ﬁxated on the target) were also analysed by a 2  3 anal-
ysis of variance comprising the variables ‘‘task” (manual response-
task versus saccade-task) and ‘‘distractor conditions” (distractor
absent versus similar distractor versus dissimilar distractor). The
results showed only a signiﬁcant main effect of the distractor con-
dition (F[2, 14] = 93.71; MSe = 377.20; p < .001). Separate ANOVAs
revealed that mean latencies were longest in the similar-distractor
condition (M = 340 ms), and differed signiﬁcantly both from the
dissimilar-distractor condition (M = 271 ms; F[1, 7] = 149.84;
MSe = 258.57; p < .001) and the distractor-absent control condition
(M = 251 ms; F[1, 7] = 140.49;MSe = 456.37; p < .001). Additionally,
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Fig. 1. (a) Example displays of Experiment 1, in which search performance was tested in a saccade-task and in a standard manual response-task. The target was a red diamond
presented among grey nontarget circles. In the distractor-present trials, one of the nontarget circles was coloured red (similar distractor; depicted in dark grey) or green
(dissimilar distractor; depicted inwhite. (b) Example displays of the single-target and two-targets condition of Experiment 2. In the single-target condition of Experiment 2, the
target was either red or green across the whole block, whereas in the two-targets condition, the target colour varied randomly between red and green within blocks (red = dark
grey; green = white). The left row illustrates the checkerboard pre-masks. In the examples, the target is displayed at the top position, whereas in the experiment, the target
position varied. (Stimuli not drawn to scale.) (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)
Table 1
Mean proportion of error in Experiments 1 and 2, presented separately for the distinct
conditions. SME, standard error of the mean.
Mean error (%) SME
Exp. 1
Distractor absent 3.37 0.71
Distractor present Similar 3.93 1.11
Dissimilar 2.59 0.74
Exp. 2
Single target
Distractor absent 3.25 1.31
Distractor present Similar 2.56 0.58
Dissimilar 3.10 0.82
Two targets
Distractor absent 2.65 1.10
(A) Distractor present Homogeneous 2.49 0.81
Heterogeneous 3.64 1.21
(B) Distractor present n  1 similar 4.28 1.21
n  1 dissimilar 2.86 0.88
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dissimilar-distractor condition than in the distractor-absent con-
trol condition (F[1, 7] = 7.63; MSe = 416.65; p = .028).
The target ﬁxation latencies did not differ between the saccade-
task and the manual response-task across the different distractor
conditions, indicating that in terms of the target ﬁxation latencies,
the two tasks yield comparable performance. It is also noteworthy
that the results from the mean target ﬁxation latencies exactly
mimicked the results found in the mean RTs. This indicates that
the requirement to respond to the item located inside the target
does not alter the time-course of visually selecting the target.
2.2.3.2. Proportion of ﬁrst ﬁxations on the target. To test whether dis-
tractor similarity affects early processes concerned with guiding
attention to the target, the proportion of ﬁrst ﬁxations on the tar-
get was analysed. The 2  3 ANOVA yielded only a signiﬁcant main
effect of distractor condition (F[1, 7] = 33.13; MSe = 84.37;
p < .001): the mean proportion of ﬁrst ﬁxations on the target was
lowest in the similar-distractor condition (M = 62.2%), which was
signiﬁcantly different both from the distractor-absent control con-
dition (M = 86.5%; F[1, 7] = 76.23; MSe = 61.78; p < .001) and thedissimilar-distractor condition (M = 81.4%; F[1, 7] = 37.67;
MSe = 77.95; p < .001). However, the mean proportion of ﬁrst ﬁxa-
1 A more straightforward way to analyse the data would be to compute the number
f ﬁxations of the similar vs. dissimilar distractor for each quartile, instead of the
roportion of ﬁrst ﬁxations on the target. However, this was not possible with the
ata of the present study because ﬁxations on the dissimilar distractor were too rare.
2 Fixations on the inconspicuous grey nontargets were too infrequent to analyse
eir mean ﬁxation durations or latencies.
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dition than in the distractor-absent control condition
(F[1, 7] = 2.14; MSe = 97.33; p = .19).
2.2.3.3. Proportion of ﬁxations on the distractor. A 2  2 ANOVA cal-
culated over the mean proportion of ﬁxations on the similar versus
dissimilar distractor revealed a signiﬁcant main effect of task
(F[1, 7] = 7.43;MSe = 39.12; p = .003), reﬂecting a higher proportion
of distractor ﬁxations in the manual response-task (M = 20.8%)
than in the saccade-task (M = 15%). Moreover, the main effect of
distractor similarity was signiﬁcant (F[1, 7] = 45.65; MSe = 113.79;
p < .001). In both the manual response and the saccade-task, the
similar distractor was ﬁxated signiﬁcantly more frequently than
the dissimilar distractor (F[1, 7] = 39.70; MSe = 88.50; p < .001 and
F[1, 7] = 31.81; MSe = 57.21; p = .001, respectively). The interaction
between task and distractor similarity just failed to reach signiﬁ-
cance (F[1, 7] = 4.33; MSe = 31.91; p = .076). The trend for this
interaction reﬂected that the proportion of ﬁxations on the similar
distractor was signiﬁcantly higher in the manual response-task
(M = 35.7%) than in the saccade-task (M = 25.5%; F[1, 7] = 10.06;
MSe = 41.19; p = .016), whereas the dissimilar distractor was se-
lected equally infrequently in the manual response-task
(M = 6.0%) and saccade-task (M = 4.1%; F < 1).
The inconspicuous grey non-targets were selected very infre-
quently across all conditions. A 2  3 ANOVA on the proportion
of non-target ﬁxations yielded only a marginally signiﬁcant main
effect of task, reﬂecting that in the manual response task, non-tar-
gets were ﬁxated on a higher proportion of trials (M = 1.12%) than
in the saccade-task (M = 0.62%; F[1, 7] = 5.54; MSe = 0.45; p = .051).
Moreover, there was a trend for more frequent non-target ﬁxations
in the similar-distractor condition (M = 1.28%) than in the dissimi-
lar-distractor condition (M = 0.78%) and the distractor-absent con-
dition (M = 0.54%; F[1, 7] = 3.01; MSe = 24.79; MSe = 0.74; p = .081),
but no interaction with task (F < 1).
To determine whether the salient distractors had been ﬁxated
more frequently than one of the inconspicuous grey non-targets,
the proportion of ﬁxations on each salient distractor was also
compared to the mean proportion of ﬁxations on the non-targets.
The results showed that the salient distractor was selected more
often than the inconspicuous grey non-targets, both when the
distractor was dissimilar to the target (mean difference = 4.5%;
F[1, 7] = 6.65, MSe = 24.79; p = .037) and when it was similar to
the target (mean difference = 30.0%; F[1, 7] = 57.51, MSe = 125.38;
p < .001).
2.2.3.4. Latencies of ﬁrst saccades to the target and the distractor. To
control for possible speed–accuracy trade-offs in the ﬁrst saccades
that directly went to the target, we also assessed themean latencies
of saccades that ﬁrstwent to the target and the distractors. Concern-
ing,ﬁrst, the latenciesof saccadesdirected to the target, the resultsof
a 2  3 ANOVA showed a signiﬁcant main effect of task, reﬂecting
that saccade latencies were shorter in the manual response-task
(M = 203 ms) than in the saccade-task (M = 225 ms; F[1, 7] = 17.51;
MSe = 337.52; p = .004). Moreover, the main effect of distractor con-
dition reached signiﬁcance (F[2, 14] = 24.97;MSe = 71.65; p = .001),
reﬂecting that saccade latencieswere signiﬁcantlyhigher in the sim-
ilar-distractor condition (M = 223 ms) than in the distractor-absent
control condition (M = 208 ms; F[1, 7] = 23.48; MSe = 76.48;
p = .002) and in the dissimilar-distractor condition (M = 211 ms;
F[1, 7] = 73.90; MSe = 17.98; p < .001). By contrast, mean saccade
latencies did not differ signiﬁcantly between the dissimilar-distrac-
tor condition and the distractor-absent control condition
(F[1, 7] = 1.10;MSe = 32.06; p = .33).
Saccades that went to a distractor had shorter latencies than
saccades directed to the target (M = 214 ms; F[1, 7] = 10.65;
MSe = 230.78; p = .003). However, saccade latencies of saccades di-rected towards the dissimilar distractor (M = 218 ms) did not differ
signiﬁcantly from latencies of saccades directed towards the simi-
lar distractor (M = 212 ms; F < 1).
2.2.3.5. Proportion of ﬁrst ﬁxations on target as a function of saccade
latency. To determine whether the time-course of capture by sim-
ilar versus dissimilar distractors differ, we computed quartiles for
the proportion of ﬁrst ﬁxations on the target depending on the
latencies of the saccade.1 Thus, the ﬁrst quartile comprised the pro-
portion of ﬁrst ﬁxations on the target when the saccade latencies
were very short, whereas the last, fourth quartile included the pro-
portion of ﬁrst ﬁxations on the target when the saccade latencies
were very long. The results of a 2  2  4 ANOVA comprising the
variables ‘‘task”, ‘‘similarity” and ‘‘quartile” showed a signiﬁcant
main effect of similarity (F[1, 7] = 29.21; MSe = 249.56; p = .001)
and of quartile (F[1, 7] = 4.43; MSe = 116.12; p = .29), but no signiﬁ-
cant interaction between the two variables (all other Fs < 1.5;
ps > .33). Separate ANOVAs showed that in the dissimilar-distractor
condition, quartile had a marginally signiﬁcant main effect
(F[3, 21] = 3.01; MSe = 78.77; p = .053), reﬂecting that the proportion
of ﬁrst ﬁxations on the target was most greatly reduced in the ﬁrst
quartil (M = 80.2%), and less reduced in the second to fourth quartil
(M = 86.7%, 88.7% and 87.7%, respectively). Although the similar-dis-
tractor condition showed similar numerical trends, with less ﬁrst ﬁx-
ations on the target in the ﬁrst quartile (M = 66.3%) than in the
following quartiles (M = 73.8%, 70.8%, and 71.9%, respectively), there
was no main effect of quartile (F = 1.76; p = .18). These results indi-
cate that saccade errors are more likely to occur when the saccade
latency is short, speciﬁcally with large saccadic errors such as
selecting a dissimilar distractor, and thus, reﬂect the well-known
speed–accuracy trade-off in saccade programming (Findlay, 1997;
Theeuwes et al., 2000; Van Zoest, Donk, & Theeuwes, 2004).
2.2.3.6. Distractor ﬁxation durations. To determine whether and to
what extent disengagement processes contribute to the similarity
effect, the same analysis was also conducted over the mean dura-
tions of ﬁxations on each irrelevant distractor type. The analysis
showed only a signiﬁcant main effect of similarity: on average,
the ﬁxations were longer on the similar distractor (M = 171 ms)
than on the dissimilar distractor (M = 97 ms; F[1, 7] = 13.94;
MSe = 3176.88; p = .007).2
2.2.3.7. Proportion of ﬁrst saccades to similar and dissimilar distrac-
tors. For an analysis of the proportion of saccades which were di-
rected towards the distractor and the target, we ﬁrst identiﬁed
the ﬁrst saccade leaving the ﬁxation area by its velocity (veloc-
ity > 30/s) and the fact that its endpoint deviated more than 1
from the centre of the display. The saccade was then assigned to
the target or distractor when it was directed plus or minus 25 de-
grees of angle towards the position of the target or the distractor.
The initial direction of the saccade was computed by calculating
the angle based on the starting position and the position of the
eyes after three time points of the saccade (approximately 15 ms
after the start of a saccade; see Ludwig & Gilchrist, 2002). Saccades
were then included in the analyses if they belonged to one of four
categories: they were clearly directed (a) to the target during the
initial phase and on the whole (TT), (b) to the target initially buto
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Experiment 1: Proportion of first saccades
directed to the target and to the distractor
Fig. 2. Mean proportion of ﬁrst saccades that were both initially and on the whole directed towards the target (TT) or towards the distractor (DD), and saccades that were
initially directed towards the distractor, but then went to the target (DT) and saccades that were initially directed towards the target and then went to the distractor (TD),
depicted separately for the manual response-task and for the saccade-task of Experiment 1.
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whole (DD), and to a distractor initially and to the target on the
whole (DT). Fig. 2 depicts the mean proportion of these saccades.
Initial analyses showed only a signiﬁcant interaction between the
direction of the saccades and similarity, reﬂecting that a signiﬁ-
cantly higher proportion of saccades was directed to the distractor
when it was similar than when it was dissimilar, both in the sac-
cade-task (t[7] = 8.22; p < .001) and in the manual response-task
(t[7] = 10.35; p < .001). In the saccade-task, instances where the
eyes were initially directed to the distractor but then landed on
the target or vice versa were rare and did not differ between sim-
ilar and dissimilar distractors. However, in the manual response-
task, the proportion of saccades that were initially directed to the
distractor but ﬁnally ended at the target location was signiﬁcantly
higher in the similar-distractor condition than in the dissimilar-
distractor condition (t[7] = 3.00; p = .020).
2.2.3.8. Saccade curvature. To assess whether similar versus dissim-
ilar distractors affected the curvature of saccades, we computed
the angular deviation of saccades that directly went to the target,
by taking the endpoint of the 3rd time point of the saccades as a
reference (see above), and coding deviations towards the distractor
as positive, and deviations away from the distractor as negative.
Moreover, saccade curvature was separately assessed for condi-
tions in which the (similar or dissimilar) distractor was located
at ±51, 102 and 135 from the target. A 2  2  3 ANOVA com-
prising the variables task (saccade-task versus manual-response
task), similarity (similar versus dissimilar distractor), and position
(±51, ±102 and ±135) calculated over the mean angular devia-
tions of saccades directed to the target showed a signiﬁcant main
effect of similarity (F[1, 7] = 6.44; p = .039), and a signiﬁcant
three-way interaction (F[2, 14] = 4.40; p = .033). The interaction
was due to the fact that, in the saccade task, saccades were gener-
ally more strongly curved away from the similar than from the dis-
similar distractors, regardless of the relative target–distractor
positions (F[1, 7] = 9.32; p = .019; differences between similar and
dissimilar distractors at ±51: 2.35; at ±102: 2.35; and at
±154: 2.46). In contrast, in the manual response task, saccades
were only more strongly curved away from similar than dissimilar
distractors when the distractor was located at ±102 from the tar-
get (F[2, 14] = 5.36; p = .019; differences between similar and dis-
similar distractors at ±51: +1.29; at ±102: 2.19; and at
±154: 0.28).2.3. Discussion
Experiment 1 produced several interesting results. First, the
results tentatively support the view that eye movements might
be subject to more top-down control in saccade-tasks than in
manual response-tasks: distractor ﬁxations were generally more
frequent in the manual response-task than in the saccade-task,
in which saccades to the target position were the instructed re-
sponses. Simultaneously, saccade latencies were 22 ms longer in
the saccade-task than in the manual response-task, suggesting
that observers in the saccade-task delayed their saccades on a
portion of trials to prevent erroneous ﬁxations on the distractor
(e.g., Findlay, 1997). This probably also resulted in more saccades
being curved away from the distractor in the saccade-task than in
the manual response-task. In previous studies, the ﬁnding that
saccade trajectories curved away from the distractor has been ta-
ken to show that covert attention was deployed to this position
(e.g., Godijn & Theeuwes, 2002; Van der Stigchel et al., 2006;
Wu & Remington, 2003). Following this rationale, we can infer
that covert attention was more frequently deployed to the similar
than to the dissimilar distractor. The fact that covert attention
shifts are also time-consumingmight thus accountboth for the elon-
gated saccade latencies and for more curved saccade trajectories in
the saccade-task than in themanual response-task. Contrary to pre-
viously voiced concerns, selection of the dissimilar distractor was
not more frequent in the manual response-task than in the sac-
cade-task. This indicates that observers did not make their eye
movements more strongly contingent on the top-down attentional
control settings in the saccade-task. In contrast, theﬁnding that sim-
ilar and dissimilar distractors alikeweremore frequently selected in
the manual response-task indicates that differences in controlling
eye movements during saccade and manual response-tasks do not
modulate the vulnerability of the eyemovement system for interfer-
ence by dissimilar distractors.
With regard to the similarity effect, Experiment 1 showed that
similar distractors are visually selected much more frequently than
dissimilar distractors. This replicates previous ﬁndings showing
more frequent ﬁxations on similar than dissimilar distractors
(e.g., Ludwig & Gilchrist, 2003a). The results corroborate the view
that colour information was used to detect the target and for the
purpose of programming the ﬁrst saccade to the tentative target
location, and shows that similarity can be manipulated success-
fully on a nominally irrelevant dimension.
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Fig. 3. The mean proportion of distractor ﬁxations (y-axis) with certain ﬁxation durations (speciﬁed on the x-axis) in Experiment 1. Error bars represent ±1 SEM.
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for selection at a very early stage of the search process, with signif-
icantly more saccades being initially (during the ﬁrst three time
points of the saccade) directed towards the similar than the dis-
similar distractor. These results demonstrate that oculomotor cap-
ture by similar distractors and ﬁltering of dissimilar distractors
occurs at a very early stage of the search process, corroborating
the contingent capture view.
However, similar distractors also produced longer ﬁxation dura-
tions than dissimilar distractors. At a ﬁrst glance, this may suggest
that disengagement from the similar distractor was more difﬁcult
and time-consuming than disengagement from the dissimilar dis-
tractor, corroborating the disengagement hypothesis for eye
movements. On the other hand, it should be noted that the mean
ﬁxation duration of 180 ms on similar distractors were not unusu-
ally long, but rather in the range of the expected ﬁxation duration.
Previous studies estimated that it typically takes between 150 and
250 ms to program and execute a new saccade to an object (e.g.,
Findlay, 1997). Hence, the mean ﬁxation duration of 180 ms for
the similar distractor is well within the expected range, whereas
the mean ﬁxation duration of 96 ms on the dissimilar distractors
is suspiciously short. Thus, contrary to the disengagement hypoth-
esis, it does not seem to be the case that the ﬁxation duration on
similar distractors is unusually long, but instead, that the ﬁxation
duration on dissimilar distractors is unusually short.
To further evaluate this possibility, we separately computed the
mean proportion of ﬁxations on each distractor with distractor ﬁx-
ation durations below 50–500 ms, in steps of 50 ms. Relative rates
are depicted in Fig. 3. The results show that a relatively large pro-
portion of ﬁxations on the dissimilar distractor (36%) was very
short, amounting only to 50 ms, whereas this was the case for only
13% of ﬁxations on the similar distractor. Almost half of all ﬁxa-
tions on the dissimilar distractor (47%) had durations below
100 ms, and 85% of all ﬁxations were below 150 ms, which is still
a relatively short ﬁxation. This compares with only 21% of all ﬁxa-
tions on the similar distractor having durations below 100 ms, and
only about half of all ﬁxations (44%) being below 150 ms. Although
these results are merely descriptive, they do suggest that – con-
trary to the disengagement hypothesis – ﬁxation durations on sim-
ilar distractors are not unusually long. Corresponding results of
extremely short ﬁxation durations on dissimilar distractors have
also been observed in a different visual search study, where 63%
of all ﬁxations on dissimilar distractors were found to have dura-
tions below 150 ms (Theeuwes et al., 2004).
Since programming and execution of a new saccade usually
takes at least 150 ms, the unusually short ﬁxation durations on
dissimilar distractors indicate that eye movements to the dissim-ilar distractor and the target were frequently programmed in par-
allel (e.g., Findlay, 1997; Theeuwes et al., 2004), or that the
saccade to the target was programmed whilst the saccade to
the dissimilar distractor was executed. Since subsequent saccades
to the target could already be pre-programmed, the dissimilar
distractor was only ﬁxated for a very short time. As pointed out
above, colour information is presumably available in the visual
system at a very early point in time, so that erroneous saccade
targets can be identiﬁed earlier in the dissimilar-distractor condi-
tion than in the similar-distractor condition. This in turn allows
immediate programming of the target-directed saccade, account-
ing for the unusually short ﬁxation durations. In conclusion, the
differences in the ﬁxation durations are presumably not due to
difﬁculties in disengaging attention from distractors that match
the top-down attentional control settings, but instead to the fact
that the target can be identiﬁed more easily in the dissimilar con-
dition, which allows the attention-guiding mechanism to select
the target more quickly as the correct object after the ﬁrst sac-
cade has been erroneously directed to a dissimilar distractor. In
other words, the disengagement hypothesis is supported in so
far as the similar distractor cannot be rejected as quickly as the
dissimilar distractor. However, elongated dwell times are proba-
bly not due to difﬁculties in disengaging attention, but to difﬁcul-
ties in detecting saccade errors whilst planning or executing
saccades to a distractor. Therefore, saccades to the similar distrac-
tor and target are also usually not programmed in parallel, with
serial saccade programming probably leading to longer ﬁxation
durations on similar than dissimilar distractors. Further research
is necessary to shed light on the origin of the short ﬁxation dura-
tions on dissimilar distractors.
In this respect, it should also be noted that the results of Exper-
iment 1 are equivocal with respect to the origin of the effect of the
dissimilar distractor: although mean RTs and target ﬁxation laten-
cies were signiﬁcantly higher in the dissimilar-distractor condition
than in the distractor-absent condition, the presence of a dissimilar
distractor did not reduce the mean proportion of ﬁrst ﬁxations on
the target or the latencies of these saccades. This suggests that the
dissimilar distractor was not more frequently selected than one of
the inconspicuous grey non-targets in the distractor-absent condi-
tion. Presumably, dissimilar distractors produced costs originating
later in the search process, for instance, by their being actively
inhibited (Lamy et al., 2004) or by their salience leading to still
longer ﬁxation durations in comparison to the less salient non-sin-
gletons. This hypothesis could not be evaluated in the present
experiment, because the inconspicuous grey non-singletons were
not selected often enough to be formally compared with dwell
times on the dissimilar distractor.
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away from ﬁxation showed that only a very small proportion of
saccades were initially (during the ﬁrst three points in time) direc-
ted to a different location. Moreover, in the distractor-present con-
dition, a substantial proportion of saccades was directed towards
the similar distractor, whereas only few saccades were directed to-
wards the dissimilar distractor. In addition, saccade latencies to the
target were slightly longer when a similar distractor was present
than when a dissimilar distractor was present. As described above,
these elongated saccade latencies could reﬂect difﬁculties in disen-
gaging covert attention from the similar distractor, when covert
attention shifts are not followed by an eye movement. However,
the difference in the saccade latencies was very small, amounting
to only 11 ms. Thus, the elongated saccade latencies are too small
to account for the similarity effect of 76 ms (in the mean RTs).
Hence, the results of the present study are only weak support for
the disengagement view, according to which (a) dissimilar distrac-
tors frequently capture covert attention and (b) attention can be
quickly disengaged from the position of the dissimilar distractors.
In conclusion, the present results are better in line with the contin-
gent capture view that similar distractors capture attention more
frequently, whereas dissimilar distractors can be ﬁltered out.
However, the claim of the contingent capture view, that the
similarity effect is primarily driven by top-down controlled set-
tings for directing attention is less certain. Strictly speaking, the re-
sults of Experiment 1 do not allow inferences about whether the
observed similarity effects are due to top-down or bottom-up con-
trolled factors. As was described in the Introduction, selection of
the target can bias attention and eye movements to similar stimuli
on subsequent trials (e.g., Becker, 2008a, 2008b; McPeek et al.,
1999). Since in Experiment 1, the target was consistently coloured
red, it is possible that cumulative priming of the target colour led
to the more frequent selection of the similar distractor than the
dissimilar distractor. In this case, more frequent selection of the
similar than the dissimilar distractor would not be due to the sim-
ilarity or dissimilarity of the distractor features to a pre-deﬁned
top-down target template, but instead to intertrial priming effects,
that automatically transfer information about the target feature to
the next trial (e.g., Maljkovic & Nakayama, 1994).
3. Experiment 2
Experiment 2 was primarily designed to assess possible contri-
butions of intertrial priming effects to the similarity effect. To that
aim, search performance was assessed in two different conditions;
in the single-target condition, half of the observers searched for a
diamond target that was consistently red, and the other half
searched for diamonds that were consistently green. In the distrac-
tor-present block, one of the grey non-target circles was presented
either in red or green. Depending on the colour of the diamond tar-
get, the irrelevant distractor was thus either similar or dissimilar to
the target, replicating the conditions of Experiment 1. In the two-
targets condition, the target diamond was randomly coloured red
or green, and in the distractor-present block, one of the grey
non-target circles was also randomly presented in red or green.
The two-targets condition allows assessing the contribution of
intertrial priming effects to the distractor effect. If selection of
the target feature biases attention towards the identically coloured
distractors on subsequent trials (i.e., target-distractor feature
priming effects), then distractors that have the same colour as
the target on the preceding trial (‘‘n  1 similar distractors”),
should capture attention to a larger extent than distractors that
have a different colour than the target on the preceding trial
(‘‘n  1 dissimilar distractors”). Furthermore, by comparing the
priming-induced distractor effect to the similarity effect obtained
in the single-target condition, we can assess the relative contribu-tion of intertrial priming to the similarity effect. If the similarity ef-
fect is entirely due to automatic carry-over effects of the target
colour, then the priming-induced distractor effect in the two-tar-
gets condition should be of approximately the same magnitude
as the similarity effect observed in the single-target condition.
Although the majority of studies on the priming effect used
comparisons between single target and two-target conditions to
assess the contribution of repeated presentations to search perfor-
mance (e.g., Geyer, Mueller, & Krummenacher, 2008; Kristjansson
et al., 2002), the method of comparing two different effects (simi-
larity effect versus priming-induced distractor effects) across dif-
ferent blocks is probably not ideal. More direct evidence for the
view that top-down controlled processes cause the similarity effect
could be obtained if it were possible to eliminate priming effects
and to show that similarity effects could still be obtained. Hence,
in Experiment 2, we tried to eliminate intertrial priming, by using
pre-mask displays (see Fig. 1B). Previous research indicates that
pre-masking (or backward masking) of the search stimuli can re-
duce or even eliminate intertrial priming effects (Ansorge & Horst-
mann, 2007; Huang & Pashler, 2005). In the present experiment,
we used checkerboard ﬁgures as pre-trial masks. To test whether
this procedure could eliminate intertrial priming effects, we addi-
tionally assessed priming effects pertaining exclusively to the tar-
get (i.e., target–target feature priming effects), and effects of
repeating and changing the distractor (i.e., distractor–distractor
feature priming effects, which may be contingent on repetitions
versus changes of the target feature).
If pre-masking completely eliminates the intertrial priming ef-
fect, then the difference between similar and dissimilar distractors
in the single-target condition can be directly interpreted in terms
of top-down controlled processes (provided that contributions
from the other possible stimulus-driven factors described above
can be ruled out). However, if intertrial priming persists despite
pre-masking, somemore detailed analyses are required to estimate
the relative contributions of priming-induced distractor effects to
the similarity effect. In particular, a number of pre-conditions must
be met before intertrial priming effects can be considered as fully
accounting for the similarity effect. First, the priming-induced cap-
ture effect should be either of the same magnitude as the similarity
effect, or (if the priming-induced capture effect is smaller than the
similarity effect), priming must be demonstrably cumulative, so
that differences between n  1 similar and n  1 dissimilar distrac-
tors increase with increasing repetitions of the target colour to
eventually make up for the full similarity effect under the ideal
conditions of the one-target blocks. Second, for priming to account
for the similarity effect, priming-induced capture must also modu-
late the same dependent variables as distractor similarity. In
assessing this correspondence, we concentrated on those depen-
dent variables that have an impact on RTs (i.e., the proportion of
erroneous ﬁxations on distractors, distractor ﬁxation durations,
and the proportion and latencies of ﬁrst saccade to the target),
and did not assess dependent variables such as saccade curvature,
or the initial direction of saccades.
Finally, the design of Experiment 2 also eliminates two possible
confounds from Experiment 1: ﬁrst, it should be noted that in
Experiment 1, the similar distractor was consistently coloured
red, whilst the dissimilar distractor was always coloured green.
Thus, it is possible that larger distraction costs for similar than
dissimilar distractors were due to the fact that red items capture
attention more than green items. In the single-target condition of
Experiment 2, the similar distractor was green for half of all
observers, whereas it was red for the other half of observers, which
eliminates the previous confound.
Secondly, in Experiment 1, the displays in the dissimilar and
similar-distractor condition differed on a purely perceptual level
as well, because displays in the similar-distractor condition always
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dissimilar-distractor condition always contained two differently
coloured stimuli. Presenting two similarly coloured stimuli in turn
might have caused interference in purely perceptual or decisional
processes that are unrelated to attention, but or create delays in
deploying attention to any stimulus (e.g., by increasing the difﬁ-
culty of decisional processes, cf. Remington, Folk, & McLean,
2001). To assess whether the presence of two same-coloured items
might account for the similarity effect, homogeneous (same-col-
oured) and heterogeneous (differently-coloured) displays from
the two-targets condition were examined separately. If the similar-
ity effect is indeed driven by perceptual factors arising from pre-
senting two identically coloured stimuli, then the distractor
effect should be larger in homogeneous displays, which comprised
two identically coloured stimuli (e.g., a red target and a red distrac-
tor) than in heterogeneous displays, where the target and the dis-
tractor had a different colour (e.g., a red target and a green
distractor).
3.1. Method
3.1.1. Observers
Eight paid volunteers from the University of Bielefeld, Germany,
participated in Experiment 2. Three of themwere female, ﬁve male,
and they had a mean age of 31.
3.1.2. Material
The materials were the same as in Experiment 1.
3.1.3. Stimuli, design and procedure
These were the same as in Experiment 1, with the following
exceptions. Search performance was only assessed in the manual
response-task, in which attentional capture by irrelevant distrac-
tors occurred more frequently. Moreover, Experiment 2 comprised
two blocked search conditions, each including a distractor-absent
and a distractor-present block. In the single-target condition,
observers searched for a diamond target that was consistently
red for one half of the observers, and consistently green for the
other half of the observers. In the distractor-present block, one of
the grey non-target circles was presented either in red or green.
Depending on the colour of the diamond target, the irrelevant dis-
tractor was thus either similar or dissimilar to the target. In the
two-targets condition, the target diamond was randomly coloured
red or green. In the distractor-present block, one of the grey non-
target circles was also randomly presented in red or green.
Before each trial, a pre-mask display consisting of seven black-
and-white checkerboard masks was presented. The shapes of the
masks were derived by superimposing the diamond and circle
shapes, and the luminance of the masks was matched to the lumi-
nance of the grey, red and green coloured stimuli (4.0–4.1 cd/m2).
The pre-mask display was shown during the ﬁxation control, for at
least 1000 ms (up to 3000 ms), and observers were required to ﬁx-
ate on the ﬁxation cross during this time (see Fig. 1B for an exam-
ple of the displays).
Observers completed 120 trials in the distractor-absent blocks
of both single and two-targets conditions, and 240 trials in the dis-
tractor-present blocks of both conditions, yielding 720 trials per
subject. On average, it took 90 min to complete the experiment.
3.2. Results
3.2.1. Data
Data were excluded from all analyses when manual RT ex-
ceeded 1500 ms, or when the eyes were not ﬁxated on the target
within 1500 ms. Application of this exclusion criterion resulted
in a loss of 3.5% of all data.3.2.2. Manual response: similarity and distractor effects
3.2.2.1. RTs. The results from the single-target condition replicated
the results of the ﬁrst experiment: mean RTs were signiﬁcantly
faster in the distractor-absent control condition (M = 707 ms)
than in both the similar-distractor condition (M = 884 ms;
F[1, 7] = 58.76; MSe = 2131.26; p < .001) and the dissimilar-dis-
tractor condition (M = 808 ms; F[1, 7] = 15.30; MSe = 2664.87;
p = .006). Moreover, there was a signiﬁcant similarity effect, with
RTs being 76 ms slower in the presence of a similar distractor
than in the presence of a dissimilar distractor (F[1, 7] = 20.63;
MSe = 1119.45; p = .003).
3.2.2.2. Errors. None of these effects approached signiﬁcance in the
mean error scores (all Fs < 1), indicating that the RT results are not
due to a speed–accuracy trade-off (see Table 1).3.2.3. Homogeneous versus heterogeneous displays in the two-target
condition
To examine whether the similarity effect is due to larger inter-
ference when two same coloured stimuli are present in the display
than when two heterogeneously coloured stimuli are presented,
we compared mean RTs in homogeneous displays (in which target
and distractor were both coloured green or both coloured red) with
mean RTs in heterogeneous displays (in which the target possessed
a different colour than the distractor). Statistical analysis showed,
however, that mean RTs were comparable in homogeneous
(M = 892 ms) and heterogeneous (M = 910 ms) displays
(F[1, 7] = 2.4; p = .17). Thus, the similarity effect cannot be attrib-
uted to differences between homogeneous and heterogeneous dis-
plays affecting purely perceptual processes.3.2.4. Priming effects
To test whether the similarity effect in Experiment 1 and the
single-target condition of Experiment 2 might be due to cumula-
tive priming effects prioritising similarly coloured distractors for
selection, we ﬁrst analysed distractor-present and distractor-ab-
sent trials of the two-target condition separately for target feature
priming effects. In the distractor-absent condition, mean RTs were
not affected by whether the target feature was a repetition from
the previous trial (M = 721 ms) or whether it was changed (M
= 733 ms; F[1, 7] = 1.6; p = .25). However, in the distractor-present
condition there was a signiﬁcant priming effect, with RTs being
42 ms faster on repetition trials (M = 880 ms) than on trials in
which the target colour was changed (M = 922 ms; F[1, 7] = 8.64;
MSe = 797.63; p = .022).
To further explore the scope of the priming effect, data from the
distractor-present condition were additionally analysed for distrac-
tor priming effects and possible interactions with target feature
priming effects. A 2  2 ANOVA comprising the variables ‘‘n  1
target feature” (same target versus different target as in previous
trial) and ‘‘n  1 distractor feature” (same distractor versus differ-
ent distractor as in previous trial), however, showed that repeating
the distractor colour across trials did not modulate performance.
Mean RTs did not differ between trials in which the distractor col-
our was repeated (M = 904 ms) and trials in which it changed
(M = 899 ms; F < 1) and distractor repetition also did not interact
with changes of the target colour (F < 1).
To clarify whether capture by the similar distractors could be
due to priming, it is necessary to evaluate whether distraction
costs vary as a function of the similarity versus dissimilarity of
the distractor to the previous target (n1 similarity). To that aim,
trials from the distractor-present condition were separated accord-
ing to whether the target in the previous, n  1 trial had the same
colour as the distractor on the current, nth trial (n  1 similar dis-
tractor), or whether it possessed a different colour (n  1 dissimilar
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the distraction costs, mean RTs were 28 ms slower on trials in
which the distractor had the same colour as the target in the pre-
vious trial (M = 915 ms) than on trials in which the distractor pos-
sessed a different colour (M = 887 ms; F[1, 7] = 7.62; MSe = 362.47;
p = .028).
At a ﬁrst glance, these results may be taken to indicate that the
similarity effect has to be attributed to bottom-up intertrial priming
effects insteadof top-downcontrolled factors of attention.However,
for the intertrial priming effect to fully account for the similarity ef-
fect, at least two pre-conditionsmust bemet: ﬁrst, priming-induced
distractor effects should have the same signature as the similarity ef-
fect (i.e., they shouldmodulate the same dependent variables of the
eye movement measures). Second, it has to be demonstrated that
priming can produce differences between n  1-similar and n  1-
dissimilar-distractor conditions that are of the same magnitude as
the similarity effect in the single-target condition. So far, the similar-
ity effect in the single-target condition amounted to 76 ms, and,
thus, was considerably larger than the increase of 28 ms for n  1-
similar distractors. This difference between the magnitude of the
respective effects was signiﬁcant, as assessed by a 2  2 ANOVA
(F[1, 7] = 13.93; MSe = 355.21; p = .007). Still, intertrial priming ef-
fects may be responsible for similarity effects, if these intertrial ef-
fects are cumulative across successive repetitions, that is, if
distractor effects generally become stronger when the target is re-
peated over a successive number of trials (e.g., Maljkovic & Nakay-
ama, 1994). In the next two sections, we critically assessed ﬁrst,
the signature of similarity effects andpriming-induceddistractor ef-
fects, respectively. Second, we examinedwhether cumulative prim-
ing effects may lead to successively larger distraction costs with
repeating the target feature on successive trials.
3.2.5. I. Signatures of the similarity effect and the priming-induced
distractor effect
To explore whether the similarity effect and the priming-in-
duced distractor effect both modulate the same dependent vari-
ables, we compared the impact of these effects in the single
target and two-targets conditions, respectively, on the target ﬁxa-
tion latencies, the mean proportion of ﬁxations on the distractor,
the mean distractor ﬁxation durations, and the proportion and
latencies of ﬁrst ﬁxations on the target.
3.2.5.1. Target ﬁxation latencies. The mean target ﬁxation latencies
for similar versus dissimilar distractors in the single-target condi-
tion, and for n  1-similar and n  1-dissimilar distractors (i.e., for
distractors possessing the same colour as versus a different colour200
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Fig. 4. Comparing the similarity effect in single-target conditions to distractor effects
Experiment 2: the mean target ﬁxation latencies are depicted separately for similar and
similar distractors (that had the same colour as the target on the previous trial) and n 
trial) in the two-targets condition. Error bars represent ±1 SEM.from the target in the previous trial) are depicted in Fig. 4. Statis-
tical analyses of the target ﬁxation latencies revealed a signiﬁcant
similarity effect in the single-target condition: target selection
commenced 76 ms later when a similar distractor was present
(M = 399 ms) than in the presence of a dissimilar distractor
(M = 323 ms; F[1, 7] = 32.23;MSe = 702.32; p = .001). Similarly, tar-
get selection commenced later in the two-targets condition when
the distractor possessed the same colour as the target in the previ-
ous, n  1 trial (M = 411 ms) than when it had a different colour
(M = 382 ms; F[1, 7] = 7.78; MSe = 429.82; p = .027). However, this
effect was only of a magnitude of 29 ms, and, thus, was signiﬁ-
cantly smaller than the similarity effect (F[1, 7] = 19.84;
MSe = 216.20; p = .003).
3.2.5.2. Proportion of ﬁrst ﬁxations on the target. To explore whether
priming modulates early processes concerned with guiding atten-
tion to the target, the mean proportion of ﬁrst saccades directed
to the target were committed to the same analysis (see Fig. 5). Dis-
tractor similarity in the single-target condition signiﬁcantly modu-
lated the mean proportion of ﬁrst ﬁxations on the target, which
were signiﬁcantly reduced in the similar-distractor condition
(M = 70%) when compared to the dissimilar distractor (M = 88%;
F[1, 7] = 21.62; MSe = 56.26; p = .002). Deviating from Experiment
1, the dissimilar distractor also signiﬁcantly reduced the mean pro-
portion of ﬁrst ﬁxations on the target compared with the distrac-
tor-absent control condition (M = 100%; F[1, 7] = 5.65;
MSe = 109.61; p = .05). In the two-targets condition, n1 similar
distractors (that had the same colour as the previous target) also
signiﬁcantly reduced the mean proportion of ﬁrst ﬁxations on
the target (M = 63%) when compared to n1 dissimilar distractors
(that were of a different colour; M = 76%; F[1, 7] = 18.05;
MSe = 36.64; p = .004). Additionally, the proportion of ﬁrst ﬁxations
on the target was signiﬁcantly lower in the presence of an n1 dis-
similar distractor than in its absence (M = 99%; F[1, 7] = 31.76;
MSe = 66.13; p = .001).
Comparing the distractor effects in the single-target and two-
targets condition by a 2  2 ANOVA showed that ﬁrst saccades
were generally more precise in the single-target condition
(M = 79%) than in the two-targets condition (M = 69%; F[1, 7] =
10.43; MSe = 72.39; p = .014). However, the differences between
similarity effects in the single-target condition and priming-in-
duced n  1 similarity effects in the two-targets condition just
failed to reach signiﬁcance (F[1, 7] = 3.38; p = .108).
3.2.5.3. Proportion of ﬁxations on the distractor. The same ANOVAs
were also calculated over the mean proportion of ﬁxations on then-1 similar n-1 dissimilar
two targets
mediated by intertrial contingencies of the target in the two-targets condition of
dissimilar-distractor trials in the single-target condition, and separately for n  1
1 dissimilar distractors (that had a different colour from the target on the previous
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Fig. 5. The effect of distractor similarity and n  1 distractor similarity on the mean proportions and latencies of ﬁrst saccades to the target in Experiment 2: the mean
proportion of trials where the target was selected as the ﬁrst item is depicted separately for similar and dissimilar-distractor trials in the single-target condition, and for n  1
similar versus n  1 dissimilar distractors in the two-targets condition. Latencies are depicted below the histograms. Error bars represent ±1 SEM.
1750 S.I. Becker et al. / Vision Research 49 (2009) 1738–1756irrelevant distractor (see Fig. 6). The analysis revealed a signiﬁcant
main effect of similarity in the single-target condition: on average,
the similar distractor was ﬁxated on 29.3% of all trials, whereas the
dissimilar distractor was selected on only 11.9% of all trials
(F[1, 7] = 21.62; MSe = 56.26; p = .002). In the two-targets condi-
tion, a higher proportion of distractor ﬁxations occurred when
the distractor had the same colour as the previous target
(M = 37.0%) than when the distractor was colour-dissimilar to the
target in the previous trial (M = 23.9%; F[1, 7] = 18.25;
MSe = 37.54; p = .004). Although similarity between target and
distractor produced a larger increase in distractor ﬁxations (mean
difference = 17%) than priming (mean difference = 13%), the differ-
ence between the two effects failed to reach signiﬁcance
(F[1, 7] = 2.83; p = .136).
3.2.5.4. Latencies of ﬁrst ﬁxations on the target and on the distrac-
tor. Next, the mean latencies of these saccades were submitted to
the same analysis (see Figs. 5 and 6). In the single-target condition,0
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Fig. 6. Comparing the effect of distractor similarity and n  1 distractor similarity on the
mean proportion of trials on which a distractor was selected ﬁrst is depicted separately fo
similar versus n  1 dissimilar distractors in the two-targets condition. The latencies ofmean latencies of saccades to the target were signiﬁcantly longer
when the distractor was similar to the target than when it was dis-
similar (F[1, 7] = 15.90; MSe = 40.32; p = .005). Moreover, saccade
latencies in the dissimilar-distractor condition were longer than
mean latencies in the distractor-absent control condition
(F[1, 7] = 10.79; MSe = 81.58; p = .013). Conversely, in the two-tar-
get condition, saccade latencies did not differ between distractors
that had the same colour as the target in the previous trial and dis-
tractors of a different colour (F < 1). However, saccade latencies
were higher in both n1 similar-distractor and n1 dissimilar-
distractor conditions than in the distractor-absent control condi-
tion (F[1, 7] = 13.46; MSe = 183.74; p = .008). These differences
between the similarity effect in the single-target condition, and
the n  1-similarity effect in the two-targets condition also proved
to be signiﬁcant (F[1, 7] = 8.28; MSe = 27.76; p = .024).
Comparing the latenciesof saccadesdirected towards thedistrac-
tors versus the target showed that saccades to the distractor had sig-
niﬁcantly shorter latencies (F[1, 7] = 17.57; MSe = 97.37; p = .004).two targets
ar n-1 similar n-1 dissimilar
251 248
mean proportion and latencies of ﬁrst saccades to the distractor in Experiment 2: the
r similar and dissimilar-distractor trials in the single-target condition, and for n  1
these saccades are depicted below the histograms. Error bars represent ±1 SEM.
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Fig. 7. The effect of distractor similarity and n  1 distractor similarity on the mean distractor ﬁxation durations in Experiment 2: the mean distractor ﬁxation durations are
depicted separately for similar and dissimilar-distractor trials in the single-target condition, and for n  1 similar versus n  1 dissimilar distractors in the two-targets
condition. Error bars represent ±1 SEM.
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distractor, or to the n  1-similar versus n  1-dissimilar distractor
did not differ signiﬁcantly from one another (F < 1).
3.2.5.5. Distractor ﬁxation durations. Concerning next, the durations
the eyes remained ﬁxated on a distractor, these were slightly long-
er when the distractor was similar to the target (M = 201 ms) than
when it was dissimilar (M = 180 ms), but this difference was not
signiﬁcant (F < 1; see Fig. 7). In the two-target condition, the dis-
tractor ﬁxation durations were longer when the distractor was
similar to the previous target (M = 214 ms) than when it was dis-
similar (M = 194 ms), but this difference just failed to reach signif-
icance (F[1, 7] = 4.53; p = .071). Moreover, there were no
differences between similarity effects in the single-target condi-
tion and n  1 similarity effects in the two-targets condition on
dwell times (F < 1).
3.2.6. Cumulative priming
The results of the analyses show striking correspondences be-
tween the similarity effect in the single-target condition and the
priming-induced n  1 similarity effect in the two-target condi-
tion: this indicates that priming effects can account for at least
a portion of the similarity effect in the single-target condition.500
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Fig. 8. The distractor-present trials of the two-targets condition of Experiment 2 were pr
the distractor possessed the same colour as a target, which had been successively repeate
or whether the distractor had a different colour (‘‘switch”). Error bars represent ±1 SEMHowever, in order to fully account for the similarity effect, inter-
trial effects would have to be cumulative – that is, they should
lead to increasingly stronger distractor effects with each succes-
sive target repetition. To assess whether the similarity effect
might be due to such a cumulative priming effect, we tested the
effect of repeated target presentations on the distraction costs
(see Fig. 8).
Analysis of the mean RTs however showed that the n  1 sim-
ilarity effect did not increase with increasing repetitions of same
target colour displays (F[3, 21] = 1.47; p = .255). In contrast,
mean RTs for distractors sharing the preceding target’s colour
initially decreased for the ﬁrst repetition and increased only
when the target colour was repeated three times or more
(913, 884, 913, and 937 ms; F[3, 21] = 2.71; p = .071; see
Fig. 8). For displays containing n  1 dissimilar distractors, mean
RTs initially decreased with increasing repetitions of the target
feature, but this was far from signiﬁcant (886, 884, 882, and
910 ms; F < 1).
This indicates that the similarity effect cannot be fully attrib-
uted to intertrial carry-over effects, which automatically bias
attention towards the distractor which is similar to the target on
the previous trial(s). Thus, the similarity effect cannot be explained
by solely reverting to automatic or stimulus-driven processes. In-rep 2 rep >= 3
n-1 dissimilar
obed for cumulative priming effects: mean RTs are separated according to whether
d for one, two, or three and more times (‘‘rep 1”, ‘‘rep 2”, and ‘‘repP3”, respectively),
.
1752 S.I. Becker et al. / Vision Research 49 (2009) 1738–1756stead, a large portion of the similarity effect is probably due to the
fact that similar distractors match the top-down attentional con-
trol settings.
3.3. Discussion
Experiment 2 yielded several interesting results: ﬁrst, the dis-
tractor effect and the similarity-dependent capture effect ob-
served in Experiment 1 could be replicated in the single-target
condition of Experiment 2 in which half of the observers searched
for a red coloured target and the other half searched for a green
coloured target. This indicates that the observed effects in Exper-
iment 1 were not due to the use of a red coloured target. Sec-
ondly, the results of Experiment 2 effectively rule out that the
similarity effect is due to differences underlying homogeneous
displays versus heterogeneous displays: in the two-targets condi-
tion, a green distractor presented together with a red target or a
red distractor presented together with a green target produced
the same distraction costs as a red distractor presented together
with a red target, or a green distractor presented together with
a green target. This demonstrates that the similarity effect is
not due to perceptual or decision-level processes that are im-
paired by presenting two same-coloured items in the display
(cf. Ansorge & Heumann, 2004; Remington et al., 2001).
Moreover, the second experiment also supports the view that
the similarity effect is not due to elongated disengagement of
attention from similar distractors, but instead to more frequent
attentional selection of the similar distractor: in Experiment 2,
the duration of ﬁxations on similar distractors was not signiﬁcantly
higher than that on dissimilar distractors. This ﬁnding is incompat-
ible with the claim of the disengagement hypothesis that the sim-
ilarity effect is mainly due to elongated disengagement from
similar distractors (Theeuwes et al., 2000). Instead, the results sup-
port the claim of the contingent capture hypothesis, that similar
distractors capture attention to a larger extent than dissimilar dis-
tractors (e.g., Folk & Remington, 1998).
However, Experiment 2 also revealed that intertrial priming ef-
fects modulated the same processes as were pinpointed by the
similarity-dependent capture effect. In the two-target condition,
presenting a distractor that had the same colour as the target in
the preceding trial signiﬁcantly reduced the proportion of ﬁrst sac-
cades on the target and led to signiﬁcantly more selections of the
irrelevant distractor. This indicates that the carry-over effects in-
volved in trial-by-trial priming can guide attention to objects that
possess the same colour as the target in the previous trial. There-
fore, trial-by-trial priming can at least account for a portion of
the similarity-dependent capture effect in the present study.
However, as argued above, the present results render it unlikely
that the similarity-dependent capture effect is solely due to stim-
ulus-driven intertrial priming effects. Comparing the magnitude
of priming-induced increases in the distractor effect of the two-tar-
get condition and similarity-induced increases in the distractor ef-
fect of the single-target condition reveals that the former is
signiﬁcantly smaller than the latter. Therefore, trial-by-trial prim-
ing can hardly account for the entire similarity-dependent capture
effect. This is all the more so, since the priming effect in the present
study turned out not to be cumulative with respect to the distrac-
tion costs: the difference between similar distractors that share the
preceding target’s colour and the dissimilar distractors did not fur-
ther increase as a function of repeating the target colour several
times successively. Hence, it seems to be safe to conclude that
top-down controlled processes of guiding attention still contrib-
uted to the similarity-dependent capture effect.
Finally, it should be observed that the results of Experiment 2
also shed some light on the origin of the dissimilar distractor ef-
fect: deviating from Experiment 1, we found that the presence ofa dissimilar distractor signiﬁcantly reduced the proportion of ﬁrst
saccades on the target and also signiﬁcantly elongated the laten-
cies of these saccades. Presumably, the failure to detect these ef-
fects in Experiment 1 was due to the fact that the dissimilar
distractor was only selected on a small portion of all trials, espe-
cially in the saccade-task which was not used in the present exper-
iment. With this, the results of Experiment 2 indicate that
dissimilar distractors are not always ﬁltered out prior to allocating
attention to any items in the display. Instead, dissimilar distractors
can apparently also capture attention; albeit to a lesser extent than
similar distractors (see Experiment 1).
4. General discussion
Our multi-faceted approach yielded a number of insights into
quite different research questions. First, we assessed eye move-
ments control in saccade-tasks versus manual response-tasks, to
clarify whether the two different tasks differed in the amount of
top-down control. Second, we examined possible contributions of
elongated disengagement from similar distractors to the similarity
effect. Third, we investigated the role of intertrial priming effects
in the similarity effect, to see whether similarity effects could be
due to the fact that the target is presentedwith the same featureover
a number of consecutive trials. In a nutshell, the results showed that
in a manual response-task, saccade latencies are shorter and irrele-
vant distractors are selectedmore frequently than in a saccade-task,
where eyemovements are used as a response. Secondly, dwell times
on similar distractorswere indeed elongated compared to dissimilar
distractors in some conditions (i.e., Experiment 1), but these results
could not be interpreted as straightforward support for the disen-
gagement hypothesis. Moreover, as will be discussed in further de-
tail below, the contribution of disengagement to the similarity
effect was rather small. Third, we found that intertrial effects may
play a role in mediating the similarity effect, but that intertrial ef-
fects were too small to fully account for the similarity effect. Since
intertrial effects are commonly regarded as bottom-up effects,
whereas the similarity effect is commonly regarded as a top-down
effect, the results canbe interpreted to showthat thereare top-down
effects that cannot be completely explainedby bottom-uppriming –
contrary towhat has been argued, for instance, by Kristjansson et al.
(2002) with respect to search efﬁciency. Intriguingly, we also found
that manipulating intertrial contingencies had exactly the same ef-
fects as manipulations of target similarity, which calls into question
that intertrial effects and similarity effects are based on different
processes (i.e., bottom-up versus top-down).
In the following, we will describe and explain the results and
possible interpretations of them in more detail, by relating them
to other studies. Moreover, we will propose an account of intertrial
priming effects (‘‘contingent priming”; Becker, 2007) that describes
similarity effects and priming-induced distractor effects are based
on the basis of the same underlying mechanism.
4.1. Top-down control over eye movements in saccade-tasks and
manual response-tasks
In the past, it has been implicitly assumed that eye movements
do not differ between tasks where saccades are used as a response
(saccade task), and standard manual response-tasks, where eye
movements are encouraged by presenting a small feature in the
periphery (e.g., Geyer et al., 2008). The present study showed that
observers apparently exert more control over their saccades in the
saccade-task (in which an instructed saccade toward the target is
required) than in the standard manual response-task (in which re-
sponses are made by button presses and observers could have used
any strategy or criterion for moving their eyes). Erroneous saccades
toward the irrelevant distractor were more frequent in the manual
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latencies of ﬁrst saccades to the target were signiﬁcantly longer,
and the trajectory of these saccades was signiﬁcantly more curved
away from the position of the similar distractor in the saccade-task
than in the manual response-task. Contrary to our initial sugges-
tion that observers might make their saccades more strongly con-
tingent on the top-down attentional settings, more controlled eye
movement behaviour in the saccade-task did not reduce selection
of the dissimilar distractor. Rather, in the saccade-task, observers
apparently delayed their initial saccades in order to enhance their
precision and to avoid mistakes (see Findlay, 1997). This indicates
that, in the saccade-task, eye movements were more decoupled
from the preceding covert attention shifts than in the manual re-
sponse-task. Thus, studies investigating eye movements as a suc-
cessor to covert attention shifts might beneﬁt from using a
manual response-task instead of a saccade-task.
4.2. Contingent capture versus disengagement
Amore important goal of our investigationwas to test two possi-
ble explanations of the similarity effect, viz. the contingent capture
view and the disengagement view. Previous studies investigating
similarity effects on covert attention shifts have already ruled out
that the similarity effect is completely due to elongated de-alloca-
tion or disengagement of attention from similar items (Ansorge &
Heumann, 2003; Chen & Mordkoff, 2007; Folk & Remington, 2006).
However, in the present study, we tested the disengagement
hypothesis with regard to eye movements, and examined whether
and to what extent elongated dwell times on similar distractors
can contribute to the similarity effect. The results of Experiment 1
showed that ﬁxation durations were signiﬁcantly longer on similar
distractors (180 ms) than on dissimilar distractors (97 ms), consis-
tentwith thedisengagementhypothesis.However, thesedifferences
were too small to account for the similarity effect, which amounted
to 128 ms in the mean RTs: since the dissimilar distractor was only
selected on 5% of all trials, the differences in dwell times cannot ex-
plain the rather large difference between the similar and dissimilar-
distractor conditions. Thus, it is safe to conclude that the similarity
effect is primarily due to more frequent selection of the similar dis-
tractor (30%) than thedissimilar distractor (5%),whereas differences
in dwell times play only a minor role.
Moreover, it may be doubted whether elongated dwell times on
similar distractors can be interpreted in support of the disengage-
ment hypothesis: contrary to the predictions of the disengagement
hypothesis, ﬁxation durations on similar distractors were not
unusually long (180 ms), but rather, the ﬁxation durations on dis-
similar distractors were found to be unusually short (97 ms). This
result pattern is inconsistent with the assumption that it is espe-
cially difﬁcult to de-allocate attention from similar distractors. In-
stead, the results were interpreted in favour of a somewhat leaky
ﬁltering of dissimilar distractors, which did not always reliably
suppress activation signals from the salient dissimilar distractor
(e.g., Folk & Remington, 2008). As a consequence, saccades to the
target and to the dissimilar distractor were occasionally pro-
grammed in parallel, leading to very short ﬁxations on the dissim-
ilar distractor (e.g., Findlay, 1997; Theeuwes et al., 2004). However,
further research is necessary to clarify this issue. This is all the
more so, since evidence for parallel programming of saccades to
the target and the distractor could only be obtained in Experiment
1, whereas in the single-target condition of Experiment 2, the ﬁx-
ation durations on dissimilar distractors did not differ signiﬁcantly
from the ﬁxation durations on similar distractors. This may be due
to the use of the pre-mask displays in Experiment 2: possibly, the
sudden onset of the search display in Experiment 1 produced a ten-
dency to program saccades in parallel to several onset stimuli, pri-
oritizing speciﬁcally salient onsets (e.g., Ludwig & Gilchrist, 2002,2003a), whereas presenting the pre-mask displays before each trial
eliminated this onset-dependent inﬂuence on saccade target selec-
tion. However, this cannot be ascertained and has to be investi-
gated more thoroughly by future research.
Although we employed a slightly different design in the present
study, where the distractor was made irrelevant by its shape (in-
stead of its position; e.g., Ludwig & Gilchrist, 2003a), the results
of previous studies could be mostly replicated. As in previous stud-
ies, similar distractors were selected much more frequently than
dissimilar distractors, and interfered with very early processes of
visual search. A substantial proportion of ﬁrst saccades were ini-
tially directed towards the similar distractor, leading to a large
reduction in the proportion of ﬁrst saccades that were directed to-
wards the target. Moreover, similar distractors signiﬁcantly elon-
gated the latencies of these saccades (see Experiment 1 and the
single-target condition of Experiment 2), and caused the saccades
to be more strongly curved away from the distractor. These results
replicate the ﬁndings of previous studies (e.g., Ludwig & Gilchrist,
2002, 2003a) and rule out that similarity affects visual processes
only after selection of a salient item, making de-allocation more
difﬁcult. Instead, consistent with the contingent capture explana-
tion, the results suggest that similarity affects processes at an early
stage of visual search. The ﬁnding that saccades were curved away
from the distractor position has sometimes been taken to indicate
that covert attention had been ﬁrst shifted to the distractor loca-
tion, and that subsequently, the distractor had been rejected by
inhibiting the corresponding location, akin to inhibition of return
(e.g., Van der Stigchel et al., 2006). If this were the case, then we
would have to conclude that covert attention has actually been de-
ployed to the dissimilar distractor prior to an eye movement,
whereby the deployment of covert attention was less frequent
than with the similar distractor (leading to stronger curvature on
similar than dissimilar-distractor trials). However, the majority of
previous studies failed to ﬁnd evidence for attentional capture by
distractors that were dissimilar in the colour dimension (e.g., An-
sorge & Heumann, 2003; Becker, 2007; Folk & Remington, 2006).
Hence, it seems more likely that, in the present study, curvature
of saccades away from the dissimilar distractor location reﬂect that
the distractor location was inhibited prior to any attention shifts.
In fact, ﬁltering of irrelevant features might well consist in inhibit-
ing the corresponding locations containing such features prior to
the deployment of attention, which can lead to the same result pat-
tern as IOR. (e.g., Becker, 2007; Folk & Remington, 1998; Folk et al.,
1993). One advantage of this view is that it can easily explain why
saccades were more strongly curved away from similar than dis-
similar distractors: the feature of the dissimilar distractor could
be inhibited prior to each trial, whereas ﬁltering of the similar dis-
tractor was not feasible, because it had the same colour as the tar-
get. Thus, the feature of the similar distractor could only be
inhibited after erroneously selecting it (as reﬂected also in the
more frequent selection of the similar distractor), resulting in more
pronounced curvature for similar than dissimilar distractors. How-
ever, further research is necessary to clarify whether curvature in
the trajectory of saccades reﬂects the deployment of attention to
that location and subsequent inhibition (e.g., van der Stigchel
et al., 2006) or inhibition that occurred prior to any attention shifts
(e.g., Becker, 2007).
The results of the present study deviate slightly from previous
research, in that previous studies have sometimes reported faster
latencies for saccades to the dissimilar distractor than for saccades
to the similar distractor (e.g., Mulckhuyse, Van Zoest, & Theeuwes,
2008). This ﬁnding has been taken to show that feature contrast
information is available signiﬁcantly earlier than information
about the speciﬁc feature values, so that attention is initially com-
pletely controlled by bottom-up, feature contrast information. In
the present study, we found that saccades to the distractors were
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has also been cited in support for the early saliency-based selection
mechanism (e.g., Van Zoest et al., 2004) – but we did not ﬁnd that
saccades to the dissimilar distractor were initiated earlier than sac-
cades to the similar distractor. So, how do the present results relate
to the view that attention is initially controlled by bottom-up, fea-
ture contrast information? First of all, as mentioned above, the
observation that saccades to the distractor(s) were initiated earlier
than saccades that went to the target cannot be regarded as sup-
port of this view, because any such argument would rest on com-
paring erroneous saccades to correct saccades, and faster latencies
for erroneous than correct saccades may simply reﬂect a speed–
accuracy trade-off (e.g., Findlay, 1997). Secondly, it should be ob-
served that Mulckhuyse et al., 2008 used onset distractors that
could either have the same colour as the target (similar onset) or
a different colour than the target (dissimilar onset). It is undispu-
table that information about onsets is available earlier to the visual
system than information about particular feature values: prior to
allocating attention to the visual ﬁeld, we know the number of ob-
jects in the display and their positions (by ﬁgure-ground segmen-
tation processes), but we do not knowwhat is where (e.g., Treisman
& Sato, 1990). It is not completely clear how the visual system ex-
tracts information about the location of a particular feature, but it
is clear that any such process will cost time. Whereas it is undispu-
table that information about a sudden onset is available earlier in
time than feature-speciﬁc information, this can hardly be inter-
preted as showing that attention is initially guided by feature con-
trast (e.g., Theeuwes, 1991, 1992) – that is, unless we want to claim
that the existence or sudden appearance is a feature of an object,
similar to, for instance its colour or shape (but see Yantis & Hill-
strom, 1994). In the present study, we used distractors that were
similar versus dissimilar in the colour dimension, which allows a
more stringent test of the view that feature contrast information
is available at an earlier point in time than feature-speciﬁc infor-
mation. However, contrary to this view, we did not ﬁnd any differ-
ences in the time-course of erroneous saccades towards the similar
versus dissimilar distractors.
This result replicates the results of Ludwig and Gilchrist
(2003a), who paramatrically varied the onset and colour similarity
of their distractors. In line with the results of the present study,
their study did not show that erroneous saccades to dissimilar
no-onset distractors were faster (269 ms) than to similar no-onset
distractors (233 ms), but just the opposite. In contrast, erroneous
saccades to onset distractors were generally faster (range: 196–
189 ms) than erroneous saccades to no-onset distractors (range:
233–269 ms), and this was especially the case when only similar
onsets were compared to similar no-onset distractors (Ludwig &
Gilchrist, 2003a). In another study, Ludwig and Gilchrist (2002)
also found that saccades to dissimilar onset distractors were initi-
ated faster than saccades to similar onset distractors, but they did
not interpret their ﬁndings in terms of feature contrast, but in the
same way as in the present study, that is, as showing the impact of
onsets on the guidance of attention (Ludwig & Gilchrist, 2002).33 Other studies that found shorter saccade latencies to targets than to distractors
(or shorter saccade latencies to dissimilar distractors) used targets and distractors
that differed in their orientation from an array of nontargets (e.g., Van Zoest & Donk,
2004; Van Zoest & Donk, 2006; Van Zoest et al., 2004). One problem of these studies is
that the target and distractor were often mirror images of one another (e.g., tilted 45
to the right or left), which rendered the target pre-attentively indistinguishable from
the distractor (e.g., Wolfe, 2001). This is also reﬂected in the unusually high
proportion of ﬁrst saccades to the distractor (P50%; i.e., selection of the target at or
below chance level). A second problem is that in none of these studies, search
asymmetries between differently tilted items were taken into account, which can
have a strong effect in the orientation dimension (e.g., Treisman & Souther, 1985;
Wolfe, 2001; Wolfe, Butcher, Lee, & Hyle, 2003).4.3. The similarity effect and priming-induced distractor effects: top-
down or bottom-up?
The main aim of Experiment 2 was to test whether and to what
extent similarity effects might be based on top-down knowledge
about the target colour, and to what extent similarity effects might
be based on intertrial priming effects, that is, on the fact that the
target colour is constantly repeated across trials. Attending to the
target on one trial could automatically bias attention towards
selecting a stimulus with the same feature(s) on a subsequent trial,
leading to more frequent selection of the similar distractor.
Although the question whether these intertrial priming effects
are stimulus-driven or top-down controlled is controversial in its
own, it is clear that the role of the top-down attentional control
settings would be dramatically different if similarity effects were
wholly due to intertrial priming effects. Assessing possible contri-
butions from intertrial priming effects to the similarity effect
showed that distractors which were similar to the previous target
were selected more frequently than distractors of a different col-
our, consistent with the hypothesis that intertrial priming effects
can modulate attentional capture by irrelevant distractors (see
Experiment 2).
Although the present results support the view that the similar-
ity effect is in part due to intertrial carry-over effects, it is unlikely
that the similarity effect is completely due to intertrial priming ef-
fects: whereas intertrial effects only produced a 29 ms difference
between the distractor types, the similarity effect was 76 ms and
thus, signiﬁcantly greater than the priming-induced distractor ef-
fect. This indicates that similar distractors were not only selected
in virtue of the previously selected target feature, but because their
colours matched the top-down attentional control settings (e.g.,
Duncan & Humphreys, 1989; Folk & Remington, 1998; Folk et al.,
1992, 1993). These results are in line with prior studies showing
that intertrial priming cannot account for stronger capture by sim-
ilar than dissimilar distractors in manual discrimination experi-
ments in which targets varied from trial to trial (Ansorge &
Horstmann, 2007; Ansorge et al., 2005; Folk & Remington, 2008).
On the other hand, the ﬁnding that allegedly bottom-up intertrial
priming effects and allegedly top-down controlled effects modu-
lated exactly the same variables in the present study (i.e., RTs, tar-
get ﬁxation latencies, proportion of ﬁrst saccades to the target and
to the distractor, saccade latencies, etc.) indicates that both effects
might rely on the same mechanism, and that there might be not
such a strict distinction between bottom-up priming effects and
top-down similarity effects as commonly assumed
However, the view that priming effects and top-down con-
trolled factors guide attention in a similar way, from the same level
and possibly sharing the underlying mechanism is at odds with the
standard view that priming effects are mediated by stimulus-dri-
ven processes. In the pioneering studies of Maljkovic and
Nakayama (1994, 2000), the observers’ expectancy and intertrial
effects were systematically varied. In one of their experiments,
they changed the target and distractor colours in a predictable se-
quence (e.g., two red targets, followed by two green targets, fol-
lowed again by two red targets etc.). This ensures maximum
certainty, because observers always know the upcoming colour
of the target. Despite this, priming effects prevailed. Moreover,
the effect of the previous trial’s target colour was not visibly re-
duced compared to a condition where the target colour varied ran-
domly and observers did not have any information about the
colour of the target on the next trial. These results were also be
replicated in later studies, (e.g., Becker, 2008a; Hillstrom, 2000;
Leonard & Egeth, 2008; Maljkovic & Nakayama, 1994, 2000), and
were mostly taken to show that priming effects are top-down
impenetrable, that is, that they cannot be modulated by knowledge
about the target feature on the upcoming trial (but see Becker,
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Nakayama (1994) proposed that priming is a purely stimulus-dri-
ven process.
Contrary to this bottom-up view on priming, some more recent
evidence suggests that priming effects depend on the top-down
attentional control settings. Multiple studies have found that prim-
ing effects are conﬁned to the target-deﬁning feature, that is, to the
feature that distinguishes the target from the non-targets, whereas
priming effects for task-irrelevant features or response-related fea-
tures are either absent or much weaker (e.g., Becker, 2007, 2008a,
2008b; Maljkovic & Nakayama, 1994). More precisely, priming ef-
fects of task-irrelevant features only occur when the task-irrele-
vant feature is correlated with the target-deﬁning feature,
whereas priming is usually eliminated when a given feature of
the target is not correlated with the target-deﬁning feature (Beck-
er, 2007; Goolsby & Suzuki, 2001; Hillstrom, 2000; Huang, Hol-
combe, & Pashler, 2004; Maljkovic & Martini, 2005; see also
Ansorge & Horstmann, 2007; Ansorge et al., 2005). The ﬁnding that
priming effects selectively pertain to the target-deﬁning feature is
inconsistent with the view that priming effects are purely bottom-
up: if priming effects were purely stimulus-driven, then they
should apply indiscriminately to all features of the target, includ-
ing task-irrelevant features of the target, and irrespective of
whether they are predictive of the target location or not. The ﬁnd-
ing that priming effects pertain selectively to the target-deﬁning
feature in turn indicates that priming effects are contingent on
top-down controlled processes that strictly distinguish between
task-relevant and task-irrelevant features of the target (Becker,
2008a; see also Olivers & Humphreys, 2003).
On the contingent priming view (Becker, 2007), the feature(s) that
are subject to priming are determined by top-down controlled pro-
cesses that select the kind of information that is transferred across
trials (Becker, 2007; see alsoMueller, Heller, & Ziegler, 1995; Olivers
& Humphreys, 2003). Selection and intertrial transfers are however
supposed to occur automatically, in a reactive way, which accounts
for the ﬁnding that priming effects cannot be eliminated by present-
ing advance information about the particular target feature on the
upcoming trial (Becker, 2007, 2008a; see also Olivers & Humphreys,
2003, for a similar account). Note that this account is akin to the cen-
tral claim of the contingent capture hypothesis, that attention is set
in advance or ‘‘ofﬂine” to the target-deﬁning feature, which restricts
the ‘‘automatic” selection process (which proceeds in a fast reactive
mode) to features that are similar to the target-deﬁning feature (e.g.,
Folk & Remington, 1998; Folk et al., 1992, 1993). On the contingent
capture and the contingent priming hypothesis, it is therefore possi-
ble that visual selection is simultaneously contingent on top-down
controlled processes but proceeds automatically, that is, without
continuous assistance from top-down control. ‘‘online” impenetra-
ble to top-down control.
The hypothesis that priming depends on top-down controlled
settings is also supported by a recent study of Folk and Remington
(2008). The results from this study showed that, when the target
colour is speciﬁed in advance in a go/no-go-task, priming effects
only pertain to the target-matching colour, but not to the non-
matching colour. Folk and Remington (2008) argued that the pre-
ceding trial can obviously only exert an effect on the current trial
when observers are uncertain about the colour of the target. In
contrast, when the target-deﬁning feature is speciﬁed in advance,
observers are well able to restrict the deployment of attention to
task-relevant features. In addition to that, the results of the present
study indicate that attention can also be set to two different target
features: note that, in the distractor absent condition of Experi-
ment 2, changing the target colour across trials did not produce
priming effects, whereas priming effects of 42 ms occurred in the
distractor-present condition. These results replicate earlier ﬁnd-
ings (e.g., Becker, 2007) and show that intertrial priming effects de-pend on the task and the stimulus conditions: presumably, in the
distractor absent control condition, attention was set towards both
red and green items, so that changing the target feature did not
produce switch costs. However, in the presence of an irrelevant
distractor, priming effects emerged – presumably because the fea-
ture(s) of the distractor had to be ﬁltered out (in the single target
condition, this was presumably done by inhibiting only the feature
of the dissimilar distractor, whereas in the two-targets condition,
inhibition of the distractor feature occurred on a trial-by-trial
basis).
Taken together, the results suggest that feature priming effects
are contingent on top-down controlled processes. Moreover, a re-
cent study by Fecteau (2007) suggests that this contingency can
also affect priming effects ‘‘on-line”. In this study, observers had
to search either for a shape or colour singleton, which were both
present in all displays. Information about whether the colour sin-
gleton was the target and the shape singleton was the distractor,
or vice versa, was given directly prior to each trial by a cue speci-
fying the target-deﬁning dimension. Moreover, the shape and col-
our of the singleton and the remaining stimuli randomly changed
across trials. The results showed that repeating the target and dis-
tractor features across trials only led to beneﬁts when observers
had to search for a singleton in the same dimension as on the pre-
vious trial. In contrast, when the target dimension changed, repeat-
ing or changing the singleton features did not affect response times
(Fecteau, 2007). These results indicate that priming effects are
eliminated when observers are forced to re-conﬁgure their atten-
tional control settings, showing that priming effects are contingent
on top-down processes.
Taken together, the results of the present study are commensu-
rate with the contingent priming hypothesis: the ﬁnding that
priming effects were demonstrated to modulate exactly the same
dependent variables as allegedly top-down controlled processes
that bring about the similarity effect indicates that there is no need
to postulate different processes to account for similarity effects and
intertrial priming effects. The contingent priming hypothesis rec-
onciles the automatic nature of intertrial priming effects with a
top-down contingent capture mechanism and shows that both
similarity effects and priming effects can be explained by the same
underlying mechanism. Hence, the contingent priming hypothesis
presents a more parsimonious explanation, which is also in line
with numerous recent ﬁndings about intertrial priming effects
(Becker, 2007; Fecteau, 2007; Folk & Remington, 2008; Maljkovic
& Martini, 2005; Olivers & Humphreys, 2003). Hopefully, the pres-
ent account will spark further interest in examining the mecha-
nism that mediates intertrial priming effects and similarity effects.Acknowledgment
This research was supported by the German Research Council,
Grant AN 3931/1 to Ulrich Ansorge, Holk Cruse, and Odmar
Neumann.
References
Ansorge, U., & Heumann, M. (2003). Top-down contingencies in peripheral cuing:
The roles of colour and location. Journal of Experimental Psychology: Human
Perception and Performance, 29, 937–948.
Ansorge, U., & Heumann, M. (2004). Peripheral cuing by abrupt-onset cues: The role
of colour in S–R corresponding conditions. Acta Psychologica, 116, 115–132.
Ansorge, U., & Horstmann, G. (2007). Preemptive control of attentional capture by
colour: Evidence from trial-by-trial analysis and ordering of onsets of capture
effects in RT distributions. Quarterly Journal of Experimental Psychology, 60,
952–975.
Ansorge, U., Horstmann, G., & Carbone, E. (2005). Top-down contingent capture by
colour: Evidence from RT distribution analyses in a manual choice reaction task.
Acta Psychologica, 120, 243–266.
Bacon, W. F., & Egeth, H. E. (1994). Overriding stimulus-driven attentional capture.
Perception & Psychophysics, 55, 485–496.
1756 S.I. Becker et al. / Vision Research 49 (2009) 1738–1756Becker, S. I. (2007). Irrelevant singletons in pop-out search: Attentional capture or
ﬁltering costs? Journal of Experimental Psychology: Human Perception and
Performance, 33, 764–787.
Becker, S. I. (2008a). The stage of priming: Are intertrial repetition effects
attentional or decisional? Vision Research, 48, 664–684.
Becker, S. I. (2008b). The mechanism of priming: Episodic retrieval or priming of
pop-out? Acta Psychologica, 127, 324–339.
Becker, S. I. (2008c). Can intertrial effects of features and dimensions be explained
by a single theory? Journal of Experimental Psychology: Human Perception and
Performance, 34, 1417–1440.
Belopolsky, A. V., Zwaan, L., Theeuwes, J., & Kramer, A. F. (2007). The size of an
attentional windowmodulates capture by color singletons. Psychonomic Bulletin
& Review, 14, 934–938.
Bergen, J. R., & Julesz, B. (1983). Parallel vs. serial processing in rapid pattern
discrimination. Nature, 303, 696–698.
Chen, P., & Mordkoff, T. (2007). Contingent capture at a very short SOA: Evidence
against rapid disengagement. Visual Cognition, 15, 637–646.
Duncan, J., & Humphreys, G. W. (1989). Visual search and stimulus similarity.
Psychological Review, 96, 433–458.
Eriksen, C. W., & St. James, J. D. (1986). Visual attention within and around the ﬁeld
of focal attention: A zoom lens model. Perception & Psychophysics, 40, 225–240.
Fecteau, J. H. (2007). Priming of pop-out depends upon the current goals of
observers. Journal of Vision, 7, 1–11.
Findlay, J. M. (1997). Saccade target selection during visual search. Vision Research,
37, 617–631.
Folk, C. L., & Remington, R. W. (1998). Selectivity in distraction by irrelevant featural
singletons: Evidence for two forms of attentional capture. Journal of
Experimental Psychology: Human Perception and Performance, 24, 847–858.
Folk, C. L., & Remington, R. (2006). Top-down modulation of pre-attentive
processing: Testing the recovery account of contingent capture. Visual
Cognition, 14, 445–465.
Folk, C. L., & Remington, R. W. (2008). Bottom-up priming of top-down attentional
control settings. Visual Cognition, 16, 215–231.
Folk, C. L., Remington, R. W., & Johnston, J. C. (1992). Involuntary covert orienting is
contingent on attentional control settings. Journal of Experimental Psychology:
Human Perception and Performance, 18, 1030–1044.
Folk, C. L., Remington, R. W., & Johnston, J. C. (1993). Contingent attentional capture:
A reply to Yantis. Journal of Experimental Psychology: Human Perception and
Performance, 19, 682–685.
Folk, C. L., Remington, R. W., & Wright, J. H. (1994). The structure of attentional
control: Contingent attentional capture by apparent motion, abrupt onset, and
color. Journal of Experimental Psychology: Human Perception and performance, 20,
317–329.
Geyer, T., Mueller, H. J., & Krummenacher, J. (2008). Expectancies modulate
attentional capture by salient color singletons. Vision Research, 48,
1315–1326.
Godijn, R., & Theeuwes, J. (2002). Oculomotor capture and inhibition of return:
Evidence for an oculomotor suppression account of IOR. Psychological Research,
66, 234–246.
Godijn, R., & Theeuwes, J. (2003). Parallel allocation of attention prior to execution
of saccade sequences. Journal of Experimental Psychology: Human Perception and
Performance, 29, 882–896.
Goolsby, B. A., & Suzuki, S. (2001). Understanding priming of colour-singleton
search: Roles of attention at encoding and ‘‘retrieval”. Perception &
Psychophysics, 63, 929–944.
Hillstrom, A. P. (2000). Repetition effects in visual search. Perception &
Psychophysics, 62, 800–817.
Huang, L., Holcombe, A., & Pashler, H. (2004). Repetition priming in visual search:
Episodic retrieval, not feature priming. Memory & Cognition, 32, 12–20.
Huang, L., & Pashler, H. (2005). Expectation and repetition effects in searching for
featural singletons in very brief displays. Perception & Psychophysics, 67,
150–157.
Itti, L., & Koch, C. (2001). Computational modelling of visual attention. Nature
Reviews Neuroscience, 2, 1–11.
Kristjansson, A., Wang, D., & Nakayama, K. (2002). The role of priming in
conjunctive visual search. Cognition, 85, 37–52.
Lamy, D., Leber, A., & Egeth, H. E. (2004). Effects of task relevance and stimulus-
driven salience in feature-search mode. Journal of Experimental Psychology:
Human Perception and Performance, 30, 1019–1031.
Leber, A. E., & Egeth, H. E. (2006). It’s under control: Top-down search strategies can
override attentional capture. Psychonomic Bulletin & Review, 13, 132–138.
Leonard, C. J., & Egeth, H. E. (2008). Attentional guidance in singleton search: An
examination of top-down, bottom-up, and intertrial factors. Visual Cognition, 16,
1078–1091.Ludwig, C. J. H., & Gilchrist, I. D. (2002). Stimulus-driven and goal-driven control
over visual selection. Journal of Experimental Psychology: Human Perception and
Performance, 28, 902–912.
Ludwig, C. J. H., & Gilchrist, I. D. (2003a). Goal-driven modulation of oculomotor
capture. Perception & Psychophysics, 65, 1243–1251.
Ludwig, C. J. H., & Gilchrist, I. D. (2003b). Target similarity affects saccade curvature
away from irrelevant onsets. Experimental Brain Research, 152, 60–69.
Maljkovic, V., & Martini, P. (2005). Implicit short-term memory and event-
frequency effects in visual search. Vision Research, 45, 2831–2846.
Maljkovic, V., & Nakayama, K. (1994). Priming of pop-out: I. Role of features.
Memory & Cognition, 22, 657–672.
Maljkovic, V., & Nakayama, K. (2000). Priming of pop-out: III. A short-term implicit
memory system beneﬁcial for rapid target selection. Visual Cognition, 7,
571–595.
McPeek, R. M., & Keller, E. L. (2001). Short-term priming, concurrent processing, and
saccade curvature during a target selection task in the monkey. Vision Research,
41, 785–800.
McPeek, R. M., Maljkovic, V., & Nakayama, K. (1999). Saccades require focal
attention and are facilitated by a short-term memory system. Vision Research,
39, 1555–1566.
Mueller, H. J., Heller, D., & Ziegler, J. (1995). Visual search for singleton feature
targets within and across feature dimensions. Perception and Psychophysics, 57,
1–17.
Mulckhuyse, M., Van Zoest, W., & Theeuwes, J. (2008). Capture of the eyes by
relevant and irrelevant onsets. Experimental Brain Research, 186, 225–235.
Olivers, C. N. L., & Humphreys, G. W. (2003). Attentional guidance by salient feature
singletons depends on intertrial contingencies. Journal of Experimental
Psychology: Human Perception and Performance, 29, 650–657.
Remington, R., Folk, C. L., & McLean, J. P. (2001). Contingent attentional
capture or delayed allocation of attention? Perception & Psychophysics, 63,
298–307.
Theeuwes, J. (1991). Cross-dimensional perceptual selectivity. Perception &
Psychophysics, 50, 184–193.
Theeuwes, J. (1992). Perceptual selectivity for colour and form. Perception &
Psychophysics, 51, 599–606.
Theeuwes, J., Atchley, P., & Kramer, A. F. (2000). On the time course of top-
down and stimulus-driven control of visual attention. In S. Monsell & J.
Driver (Eds.). Attention and Performance (Vol. 18, pp. 105–125). Cambridge,
MA: MIT Press.
Theeuwes, J., de Vries, G.-J., & Godijn, R. (2004). Attentional and oculomotor capture
with static singletons. Perception & Psychophysics, 65, 735–746.
Treisman, A., & Sato, S. (1990). Conjunction search revisited. Journal of Experimental
Psychology: Human Perception and Performance, 16, 459–478.
Treisman, A., & Souther, J. (1985). Search asymmetry: A diagnostic for preattentive
processing of separable features. Journal of Experimental Psychology: General,
114, 285–310.
Van der Stigchel, S., Meeter, M., & Theeuwes, J. (2006). Eye movement trajectories
and what they tell us. Neuroscience and Behavioral Reviews, 30, 666–679.
Van Zoest, W., & Donk, M. (2004). Bottom-up and top-down control in visual search.
Perception, 33, 927–937.
Van Zoest, W., & Donk, M. (2006). Saccadic target selection as a function of time.
Spatial Vision, 19, 61–76.
Van Zoest, W., Donk, M., & Theeuwes, J. (2004). The role of stimulus-driven and
goal-driven control in saccadic visual selection. Journal of Experimental
Psychology: Human Perception and Performance, 30, 746–759.
Wolfe, J. M. (2001). Asymmetries in visual search: An introduction. Perception &
Psychophysics, 63, 381–389.
Wolfe, J. M., Butcher, S. J., Lee, C., & Hyle, M. (2003). Changing your mind: On the
contributions of top-down and bottom-up guidance in visual search for feature
singletons. Journal of Experimental Psychology: Human Perception and
Performance, 29, 483–502.
Wu, S.-C., & Remington, R. W. (2003). Characteristics of covert and overt
visual orienting: Evidence from attentional and oculomotor capture.
Journal of Experimental Psychology: Human Perception and Performance,
29, 1050–1067.
Yantis, S. (1993). Stimulus-driven attentional capture and attentional control
settings. Journal of Experimental Psychology: Human Perception and Performance,
19, 676–681.
Yantis, S., & Egeth, H. E. (1999). On the distinction between visual salience and
stimulus-driven attentional capture. Journal of Experimental Psychology: Human
Perception and Performance, 25, 661–676.
Yantis, S., & Hillstrom, A. P. (1994). Stimulus-driven attentional capture: Evidence
from equiluminant visual objects. Journal of Experimental Psychology: Human
Perception and Performance, 20, 95–107.
